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EXPLANATIONS OF FIQVSEZ^. 

STEAM ENGnrE. 

For a FuH Desoription, see pe^ 325—332. 

A.A The Boiler. 

B J) Fire Place. 

X.X Flues. 

C.C Steam Pipe. 

]>.D Steam Box. 

Y.T The Piston which works in the Cylinder. 

E Steam Pipe to convey Steam to force down the Piston. 

F Steam Pipe to convey Steam to force op the Piston. 

JVUe. See Fi^^. 40 (on next pa||^) for an enlarged plan of the Steam 

Box, Cyhnder, &c. 
G Pipe from Steam Box to the Condenser. 
H.H The Condenser. 

y and W Cranks to work the Valve I.I. See Fig. 40. 
X The Eccentric to work the cranks V and W. 
U F]y Wheel to equalize the motion of the machinery. 
L.L Cistern of Cold Water to condense the steam. 
Injection Cock to let cold water into the condenser. 
M-M Air Pump communicating with the bottom of the condenser. 
N Small Cistern. 

Forcing Pump attached to cistern N. 

P.Q.R.S represents a plan (with the exception of one pipe) con- 
nected with the cistern N and the forcing pump O to ascertain 
the quantity of water in the boiler^-R is a float always resting 
on the surface of the water in the boiler. 

T.T The Lever or Working Beam. 

1 Piston Rod to work the Piston in the Cylinder. 

2 3 4 Rods to work the Pumps. 

5 Rod to work the Main Shaft, Fly Wheel, and Eccentric. 

6 The Throttle Valve. 

a.a. bed represents an apparatus connected with the Throttle 
Valve which regulates the quantity of Steam which enters the 
cylinder from the boiler ; it is called the Oovemor. 

e f g h A System of Levers or Rods to cause the parallel motion of 
the Piston Rod. 



FIG. 40.^ 

Representing the Cylinder and the Pipes connected with the 
Steam Box upon an enlarged scale. 




D.D The Steam Box. 

Z.Z The Cylinder in which the Piston moyes. 

£.E Steam Pipe to conrey steam to force down the Piston. 

F.F Steam Pipe to conyej steam to force up the Piston. ^ 

Y.Y Piston fitted to work in the Cylinder. 

G Pipe from Steam Box to Condenser. 

I.I A hollow Sliding Yal?e« 

C Steam Pipe from the Boiler. 
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9fi8trrtt Of eoiiiirttrtitt 190* 

BE IT REMEMBERED, That on the second day of Oe- 
L. S. tober, in the fifly-iint year of the Independence of the 

United States of America, Oliver O. Cooke, k, Co. of the 
said District, have deposited in this office the title of a Book, the 
riffht whereof they claim as proprietors, in the words following, to 
wit, ^^ Conversations on Chemistry ; in which the elements of that 
science are familiariy explained and illustrated by experiments, and 
thirty-eight engravings on wood. The tenth American from the 
eighth London edition, reyised, oorraoted, and enlarged. To which 
are now a^ded, explanations of the text, directions for simplifying 
the apparatus, and a vocabulary of terms ; together with a list of 
interesting experiments. By J. L. Comstock, M. D. Together 
with a new and extensive Series of Questions, by Rev. J. L. Blake, 
A. M. In conformity to the act of the Congress of the United 
States, entitled, ^^ An act for the encouragement of learning, by- se- 
curing the copies of Maps, Charts and Books, to the authors and 
propnetois of such copies, during the times therein mentioned." 
CHAS. A. INGERSOLL, 
Clerk of the District of Connecticut 
A true copy of record, examined and sealed by me, 

CHAS. A. INGERSOLL, 
Clerk of the District of Connecticut. 
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The familiar asd agreeable mukmtt ht whieb IIm ** CMTeraatioM to CMm- 
mistfy" are wriMea, reaiara thii om of the BMat popelar tieatiaea •• the 
aubject which haa ever appeared. The elefaBl and eaay atjle aleo, in whieh 
the authoreaa haa managea to convey acieaiillc ingtruction la pecoliarfy adap- 
ted to the object of the worii. 

In some reapecta, however, the Engliah edition may be eonaidered aa ob- 
jectionable. A book deaigned Ibr the inatraetion of 3roath, oegbt, if poaai- 
Ue, to contain none btit'emiliehed prindpka. 

Known and allowed facta are alwaja of pwch higher eonaeqiience than 
theoretical opinion!. To yoath, particularly, by advancing aa trutha, doo- 
trinea which have arisen out of a theory not founded on demonstration, we 
run a chance of inculcating permanent error. 

In these respects we think that Mrs.Bryant haa not been soflcieBtly guard- 
ed. The briUiant discovertea of Sir Hamphrey Davy, and his known emi- 
nence as a 'Chemical IHuloeopher, seem in many tnstaneea to have given bit 
opinions an authority, which, in the mind of the writer, auperseded fiirtber 
investigation. Indeed, inferences are sometimes drawn from these opinions 
which they hardly warrant. Under this view of the subject, a ^art of the 
notes is designed to guard the pupil againat adopting opinions which he will 
find either contradicted, or merely examued by most chenucal writers. In 
addition to this, I have made aoch explanations of the text as I thought vronld 
assist the pupil in Qnderstandin|| what be reads. 

In attemptmg to make this science popular, and of ffeneral utility, it is 6f 
great importance that the experiments come within ue use of such instru- 
ments as are easily obtained. I have therefore given such directions on this 
snbject, as my former experience as a lecturer, with a small apparatus, 
taufffat me to believe would be of service. 

llie list of experimenta was chiefly made up without referting to books; 
some few of them, however, are copied from Parkoi Accum, dE.c. 

REMARKS BY THE REV. MR. BLAKE. 

The questions, in the present edition, are plaoed at the bottom of the sev- 
eral pages to which they relate. This plan haa been adopted in the fioston 
edition of Conversationa on Natural Philosophy, and is become very popular. 
The advantagea of it are too obvious to escape observation, and, or course, 
to need being particularized. It will be seen that the questions are more 
numerous than they were in the t^o first impressions from this copy. It 
may be supposed by persons not acquainted with teaching, that they are too 
nnmo'OQs, as some of them are repeated in various forms, and others are 
seeminglv unimportant. But it is found necessary that scholars should be 
examined on every page, and upon nearly every paragraph, whether there is 
anything very important or not. No small portion of * learners will pass 
over without study, all in which they are not to be {questioned. Hence what 
might be called a system of questions would be quite insufficient. 



lNventunngtoo£fertotiiep^lc, aad more partieokirly to the 
female sex, an Introduction to Chemistry, the author, herself a wo- 
man, conceives that s(»ne explanation may be required; and she 
feels it the more necessary to apologize for the present undertaking, 
as her knowledge of the subject is but recent, and as she can have 
no real alaims to the title of chemist. 

On attending for the first time experimental lectures^ the author 
found it almost impossible to derive any clear or satisfactcnry infor- 
mation from the rapid demonstratkxis which are usually, and per- 
haps necessarily, crowded into popular courses, of this land. But 
frequent opportunities having aflerwards occurred of conversing 
wiUi a friena on the subject ot chemistry, and of repeating a variety 
of experiments, she became better acquainted with the principles of 
that science, and began to feel higl^y inter^ted in its pursuits. It 
was thai tlmt she perceived, in attending to the excellent lectures 
delivered at the Royal Institution, by the preset Professor of Che- 
mistry, the great advantage which her previous knowledge of the 
subject, slight as it was, gave her over oOlibts who had not enjoyed 
the same means of private instruction. Every fact or expenment 
attracted her attention, and served to explain some theory to which 
she was not a total stranger ; and she had the gratification to find 
that the numerous and elegant illustrations, for which that school is 
90 much distinguished, seldom failed to produce on her mind the ef- 
fect for which they were intended. 

Hence it was natural to infer, that fcuniliar conversation was, in 
studies of this kind, a most useful auxiliary source of information ; 
and more especially to the female sex, whose education is seldom 
calculated to prepare their minds for abstract ideas, or scientific 
language. 

As, however, there are but few women who have access to this 
mode of instruction ; and as the author was not acquainted with any 
book that could prove a substitute for it, she thought it might be use- 
ful for beginners, as well as satisfactory to herself, to trace the steps 
by which she had acquired her little stock of chemical knowledge, 
and to record, in the form of dialogue, those ideas which she had 
first derived from conversation. 

But to do this with sufficient method, and to fix upon a mode of 
arrangement was an object of some difficulty. After much hesita- 
tion, and a degree of embarrassment, which, probably, the most 
competent chemical writers have often felt in common with the 
most superficial, a mode of division was adopted, which, though the 
most natural, does not sJways admit of beinff strictly pursued—it is 
that erf* treating firat the simplest bodies, and then gradually rising 
to the most intricate compounds. 

It is not the author's intention to enter into a minute vindication 
of this plan. But whatever may be its advantages or inconvenien- 
ces, the method adopted in this work is such, that a young pupil, 
who should only recur to it occasionally with a view to procure in- 



fonnatioa on particular subjects, might often find it obscure or un- 
^atidactory; for its various parts are so connected with each other as 
to form an iminterrupted cluun of fitcts and reasonings, whkh will 
appear sufficiently clear and consistent to those only who may have 
patience to ^ through the whole work, or have previously devoted 
some attention to the subject 

It will, no doubt, be ofceerved, that in the course of these Conver- 
sations, remarks are oflen introduced, which ap|)ear much too acute 
for the young pupils, by whom they are supposed to be made. Of 
this fault the author is fully aware. But, m order to avoid it, it 
would have been necessary either to omit a variety of useful illus- 
trations, or to submit to such minute explanations and frequent rep- 
etitions, as would have rendered the work tedious, and therefore 
lees suited to its intended purpose. 

In wnting ihese pages the author was more than once checked in 
her progress, by the apprehension that such an attempt mi^t be 
considered bv some, eitner as unsuited to the (ordinary pursuits of 
her sex, or ill-justified by her own imperfect knowledge of the sub- 
ject. But, on the one hand, she felt encouraged by the establi^- 
ment of those public institutions, open to both sexes, for the dissemi- 
nation of philosophical knowledge, which clearly prove that the 
general opinion no longer excludes woman from an acquaintance 
with the elements of science; and, on the other, she flattered her- 
self, that whilst the impression made upon her mind, by the wonders 
<^ Nature, studied in this new point of view, were still fresh and 
strong, she might perhaps, succeed the better in communicating lo 
others the sentiments she herself experienced. 

The reader will perceive, in perusing this work, that he is sup- 
posed to have previously acquired some slight knpwledge of Natu« 
ral Philoeoph}^, a circumstance so desirable, that the author has 
since the original publication of this work, been induced to offer to 
the public a small tract, entitled " Conversations on Natural Phi- 
losophy," in which the most essential rudiments of that science ara 
familiarly explained. 

I* 



CONTENTS. 



CONVERSATION I. 

ON THE GENERAL PRINCIPLES OF CHEMISTRY. 13 

Connexion between Chemistry and Natural Philosophy — Improved 
state of modern Chemistry — Its use in the Arts — The general Ob- 
jects of Chemistry — Definition of Elementary Bodies — Definition 
of Decomposition — Integrant and Constituent Particles — Distinc- 
tion between Simple and Compound Bodies — Classification of Sim- 
ple bodies — Of Chemical Affinity, or Attraction of Composition- 
Examples of Composition and Decomposition. 

CONVERSATION II. 

ON LIGHT AND HEAT. 26 

Light and Heat capable of being separated — Dr. Herschcl's Experi- 
ments — Phosphorescence — Of Caloric — Its two modifications — 
Free Caloric — Of the three different states of bodies, solid, fluid, 
and aeriform — Dilatation of Solid bodies — ^Pyrometer — Dilatation 
of Fluids— Thermometer — Dilatation of Elastic Fluids— Air Ther- 
mometer — Equal diffusion of Caloric^ — Cold a Negative Quality — 
Professor Provost's Theory of the Radiation of Heat — Professor 
Pictet's Experiments on the Reflection of Heat — Mr. Leslie^s Ex* 
periments on the radiation of Heat. 

CONVERSATION III. 

CONTINUATION OF THE SUBJECT. 47 

Of the different Power of Bodies to conduct Heat — Attempt to ac- 
count for this power — Count Rumford's opinion respecting the 
non-conducting power of Fluids— Phenomena of Boiling — Of So-^ 
lution and Mixturo-*-Solvent power of Caloric— Of Clouds, Rain, 
Dr. Wells' Theory of Dew, Evaporation, &c. — Influence of At- 
mospherical Presfore on Evaporation— Xgnitioik 

CONVERSATION IV. 

ON COMBINED CALORIC, COMPRIHElTDUro SPECIFIC HEAT AND LATENT 
HEAT. 69 

OfSpecific Heat— Of the different Capacities of Bodies for Heat-«- 
Specifio Heat, not perceptible by the senses — How to be ascertained 
— Of Latent Heat— Distinction between Latent and Specific 
Heat — Phenomena attending the Melting of Ice, and the Form- 
ation of Vapoar^-Phmomona attending the Formation of Ice« 



GOHTBNTB. Yll 

mnd the Condensatioii of elactic Flnidf— Instances of Condensation, 
and consequent Disengagement of Heat, produced by Mixtures, by 
the Slacking of Lime — General Remarks on .Latent Heat — ^Ex- 
planation of the Phenomena of Ether boiling, and Water freezing, 
at the same Temperature — Of the Production of Cold by Evapora- 
tion. 

CONVERSATION V. 

ON THE CHEMICAL AGENCIES OF ELECTRICITIES. 84 

Of Positive and Negative Electricity— Galvani's Discoveries — Volta- 
ic Battery — Electrical Machine — Theory of Voltaic Excitement — 
Its influence on the Magnetic Needle. 

CONVERSATION VI. 

ON OXTGEN AND NITROGEN. 95 

The Atmosphere composed of Oxygen and Nitrogen in the State of 
Gas — Definition of Gas — Distinction between Gas and Vapour — 
Oxygeiv essential to Combustion and Respiration — Decomposition 
of the Atmosphere by Combustion — ^Nitrogen Gas obtained by this 
process — Of Oxygenation in General — Of the Oxydation of Metals 
— Oxygen Gas obtained from Oxyd of Manganese — Description of a 
Water Bath for collecting land preserving Gases — Combustion of 
Iron Wire in Oxygen Gas— Fixed and Volatile Product of Com- 
bustion — Patent Lamps — Decomposition of the Atmosphere by 
Respiration — Recomposition of the Atmosphere. 

CONVERSATION VIL 

ON HYDROGEN. 109 



Of Hydrogen — Of the Formation of Water by the combustion of Hy- 
drogen — Of the Decomposition of Water — Detonation of Hydro- 
gen Gas — Description of Lavoisier's apparatus for the formation of 
Water — Hydrogen Gas essential to the production of Flame— Music- 
al tones produced by the Combustion of Hydrogen Gas within a 
Glass Tube — Combustion of Candles explained — Gas Lights — De- 
tonation of Hydrogen Gas in Soap Bubbles — Air Ballons — ^Meteo- 
rological Phenomena ascribed to Hydrogen Gas — Miner's Lamp.* 

CONVERSATION VDL 

ON SULPHUR AND PHOSPHORUS. 136 

Katoral History' of Sulphur — Sublimation — Alembic — Combustion of 
Sulphur in Atmospheric Air— Of Acidification in general — Nom- 
enclatures of the Acids— Combustion of Sulphur in Oxygen Gas — 
Sulphuric Acid— Sulphurous Acid— Decomposition of Sulphur 



via CONTEIITS. 

— Salphnretted Hydrogen Gas — ^Harrogate, or HydrogulphureUed 
Waters — Phosphorus — Decomposition of Phosphorus — History of 
its Discovery — ^I^ combustion in Oxygen Gas-^Phosphoric Acid — 
Phosphorous Acid — ^Eudiometer — Combination of Phosphorus with 
Sulphur — Phosphoretted Hydrogen Gas — ^Nomenclature of Binary 
Compounds — ^Phosphoret of Lyme burning under water. 

CONVERSATION IX. 

ON CARBON. 137 

Method of obtaining pure Charcoal — Method of making common 
Charcoal — Pure Carbon not to be obtained by Art — Diamond — 
Properties of Carbon — Combustion of Carbon — Production of Car- 
bonic Acid Gas — Carbon susceptible of only one degree of Acidi- 
fication — Gaseous oxyd of Carbon — Of Seltzer Water, and other 
Mineral Waters — Effervescence — Decomposition of Water by Car- 
bon — of Fixed and Essential Oils — Of the Combustion of Lamps 
and Candles — Vegetable Acids — Of the power of Carbon to revive ' 
Metals. 

CONVERSATION X. 

ON METALS. 149 

Natural History of Metals — Of Roasting, Smelting, &c. — Oxydjftion 
of Metals by the Atmosphere — Change of Colours produced by 
different degrees of Oxydation — Combustion of Metals — Perfect 
Metals burnt by Electricity only — Some Metals revived by Carbon 
and other Combustibles — Perfect Metals revived by Heat alone — 
Of the Oxydation of certain Metals by the Decomposition of Water 
— ^Power of Acids to promote this effect — Oxydation of Metals by 
Acids — Metallic Neutral Salts — Previous Oxydation of the MetaJ 
requisite — Crystallization — Solution distinguished from Dissolu- 
tion — Five Metals susceptible of Acidification — Meteoric Stones, 
Alloys, Soldering, Plating, &c. — Of Arsenic, and of the Caustic ef- 
fects of Oxygen — Of Verdigris, Sympathetic Ink, &c.— Of the New 
Metals discovered by sir H. Davy. 

CONVERSATION XI. 

ON TBI ATTKAOTION OF COMPOSITION. 171 

Of the Laws which regulate the Phenomena of the Attraction of Com* 
position — 1. It takes place only between bodies of a different Na- 
ture — 2. Between .the most mmute Particles only — 3. Between 2, 
3, 4, or more Bodies — Of Compound or Neutral Salts^-^ Produ- 
ces a Change of Temperature — 5. The Properties which charac- 
terise Bodies in their separate state, destroyed by Combination — 
6. The force of Attraction estimated by that which is required by 
the separation of the Constituents — 1. Bodies have amongst them- 



COlfTBNTS. is 

selyei diffiirtnl lUfraet of Attradioii— Of ■imple ekethrt aad ioobk 
elaetiTe Attnctions— Of quieiceiit tnd divdUuit Fotms— Law of 
definite Proportiont— Deeompontion of Salts bj Vohaic Eiec* 
tridtj. 

CONVERSATION XIV. 

ONALKALIU. 181 

Of th«Compositioii and general Properties of the Alkalies— Of the 
new discovered Alkali or Lithioii---Of Potash — Manner of prepar- 
ing it — Pearlash — Soap — Carbonat of Potash — Chemieal Nomen- 
clatare — Solution of Potash^-Of Glass— Of Nitrat of Potash, or 
Saltpetre— Effect of Alkalies on VegoUble Colours— Of Soda— Of 
Ammonia or Volatile Alkakli — Muriat of Ammonia — Ammoniaral 
Gas — Composition of Ammonia— Hartshorn and Sal Volatile- 
Combustion of Ammoniacal Gas. 

CONVERSATION XV. . 

ON SAETHS. 191 

Composition of the Earths — Of their incombustibility— Form the ba<* 
ses of all Minerals — ^Their Alkallno Properties— Silex ; its ptop« 
erties and uses in the Arts — Alumine ; its uses in Pottery, &c. — 
Alkaline Earths—Barytes — ^Lime ; its extensive Chemical Prop- 
erties and uses in the Arts— Magnesia — Strontian. 

CONVERSATION XVI. 

ON ACIDS. 202 

Nomenclature of the Acids — Of the Classification of Acids — Ist Class 
— Acids of simple and known Radicals, or Mineral Acids — 2d Class 
— ^Acids of double Radicals, or Vegetable Acids — ^3d Class — Acids 
of triple Radicals, or Animal Acids — Of the decomposition of 
Acids of the Ist Class by Combustible bodies. 

CONVERSATION XVH. 

OF THE SULFHURIC AND PflOSFHORIO ACIDS ; OK THE COMBINATIONS OF 
OXYGEN WITH SULHHUR AND PHOSFHOEUS ; AND OF THE SVLPHATS 
AND FH08FHATS. 206 

Of the Sulphuric Add — Combustion of Animal or Vegetable Bodies 
by this Acid — ^Method of preparing it— The Sulphurous Acid ob- 
tained in the form of Gas — May be obtained fVom Sulphuric Acid 
— May be reduced to Sulphur — Is absorbable by Water — Destroys 
Vegetable Colonrs—Oxyd of Sulphur— Of Salts in general— Sul- 
phats^-Sulphat of Potash, or Sal Polychrest — Cold produced by 
the melting of Salts— Sulphat of Soda, or Glauber's Salt— Heat 



X COWTCNTS. 

evolved dmingthe fonnUtoii*of Stits — CrTitaltization of Salts 
— Water ofCrjBtallizalion— EiBorescence and Deliquescence of 
Salts— Sniphat t^ijuae, Gypsam, or Plaster of Paris — Salphat of 
Magnesia — Sulphatof Alumine, or Alum — Salphat of lron--Of Ink 
— Of the Phosphoric and Phosphorous Acids — ^Pliosphorous obtain* 
ed frombones— Phoaphit^f Lime. 

CONVERSATION XVIII. 

«P TBE NITKIC Jl1%D CAatONIC ACIDS S 6a THl COMBUTATION OV OXTGIN 
WITH NITEOGBir AND WITH CAEBOKt AND OF THE NITKATS AND OAE- 
B0NAT8. S14 

Nitrogen susceptible of various degrees of Acidification — Of the Nitric 
Acid — ^Its nature and Composition discovered by Mr. Cavendish — 
Obtained from Nitrat of Potash — Aqua Fortis—Nitric Acid may l>e 
converted into Nitrous Acid — Nitric Oxyd Gas — Its conversion in- 
to Nitrous acid gas>-Used as an Eudiometrical test — Gaseous oxyd 
of Nitrogen, or exhilarating Gas obtained fVom Nitrat of Ammonia 
— Its singular efiects on being respired — ^Nitrats — Of Nitrat of Pot- 
ash, Nitre or Saltpetre — Of Gunpowder— Clauses of Detonation- 
Decomposition of Nitre — Deflagration— Nitrat of Ammonia — Nitrat 
of Silver — Of the Carbonic Acid — Formed by the combustion of 
Carbon — Constitutes a component part of the Atmosphere — Exhal- 
ed in some caverns — Grotto del Cane — Great weight of this Gas — 
Produced from calcareous stones by Sulphuric Acid — Deleterious 
effects of this Gas when respired— Sources which keep up a supply 
of this Gas in the atmosphere — Its effects on vegetation — Of the 
Carbonate of Lime ; Marble, Chalk, Shells, Spars, and Calcareous 
Stones. 

CONVERSATION XIX. 

ON THE BORACnC, FLUORIC, MURIATIC, AND OXYGENATED MURIATIC 
AGIOS ; AND ON MURIAT8. 226 

On the Boracic Acid — Its decomposition by Sir H. Davy — Its basis 
Boracium — Its Recomposition — Its uses in the arts — Borax or Bo- 
rat of Soda — Of the Fluoric Acid — Obtained from Fluor ; corrodes 
sileceous earth ; its supposed composition — Fluorine ; its supposed 
basis — Of the Muriatic Acid — Obtained from Muriate — Its gaseous 
form — Is absorbsbleby 'water— Its Decomposition — Is susceptible 
of a stronger degree of Oxygenation— Oxygenated Muriatic Acid — 
Its gaseous form and other properties — Combustion of bodies in this 
gas — It dissolves Gold — Composition of Aqua Regia — Oxygenated 
Muriatic Acid destroys all colours — Sir H. Davy's Theory of the 
nature of Muriatic and Oxy muriatic Acid — Chlorine, used for 
bleaohing and for fumigation— Its offensive smell, kc. Muriate — 
Muriat of Soda, or common salt— -Moriat of Anamonia — Oxyeena^ 
ted Muriat of Potash — Detonates wiih Sulphur, Phosphorus, &c.— r 
Experiments of burning Phosphorus under water by means of this 
ealt and of Sulphuric Acid. 



CONTKJITI. 11 

CONVERSATION ZX. 

ON THl MATUllB AND OOMPOf ITIOM OF YSOSTABLBl. tS9 

Of organized bodiei — Of the fanctions of Vef et i b le e— Of the ele- 
ments of Vegetables— of the materiele of Vegetables — Analysis of 
Vegetables-^Of Sap — ^Macilap;e or Gom-^u^ — ^Manna and 
Honey^^Gloten — Vegetable Qiis — ^Fixed ' oils-^^inseedf Nut, and 
OHto oUs-^Volatile o^ fonninj| Essences and perftunes — Cam- 
phor — Resins and Varnishes— Pitch, Tai, Copal, Mastie, ke, — 
Gum, Resins — ^Mjrrh, Assafostida, &e.---Caoatchoac, or Gum 
Elastic — Extractive colouring matter ; its use in the arts of dveinf 
Ibid painting — ^Tannin ; its use in the art of preparing Leather— 
Woody Fibre— Vegetable Acids— The Alkalies and S Jts contained 
in Vegetables. 

CONVERSATION XXI. 

ON THK nBCOMPOSlTION OF VKOBTABLKS. 254 

Of fermentation in general — Of the saccharine fermentation, the pro- 
duct of which is sugar— Of the vinous fermentation, the product of 
which is wine — Alcohol, or spirit of wine— Analysis of wiue by dis- 
tillation — Of brandy, rum, arrack, gin, &c — Tartrit of Potash, or 
Cream of Tartar — Liquers — Chemical properties of Alcohol — Its 
combustion — Of Ether — Of the acetous fermentation, the product of 
which is Vinegar — Fermentationof bread— Of the putrid fermenta- 
tion, which reduces vegetables to their elements— Spontaneous suc- 
cession of these fermentations — Of vegetables said to be petrified — 
Of bitumens ; Naphta, Asphaltum, Jot, Coal, Succin, or Yellow 
Amber — Of fossil wood, Peat and Turf. 

CONVERSATION XXH. 

HISTOET OF VEGETATION. 271 

Connection between the Vegetable and Animal Kingdoms — Of Ma- 
nures — Of Agriculture— Inexhaustible sources for materials for 
the purposes of Agriculture — Of sowing Seed — Germination of 
the Seed—- Function of tho Leaves of Plants — Effects of Light and 
air on Vegetation — Effects of water on Vegetation — Effects of 
Vejgetation on the Atmoephere — Formation of Vegetable Mate- 
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/ 
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ON THE 6ENEBAL PBINCIFLES OF CHEMISTBY* 

Jirs. B. As you hwe now acquired some elementary notimig 
of Natural Philosophy, I am g^ing^ to propose to you another 
branch of science, to which I am particularly anxious that yon 
should devote a share of your attention. This is Chemistrt, 
which is so closely connected with Natural Philosophy, that the 
study of the one must be incomplete without some knowledge of 
the other ; for, it is obvious that we can derive but a very imper- 
fect idea of bodies from the study of the general laws by wnich 
they are governed, if we remain totally ignorant of their intimate 
nature. 

Caroline, To confess the truth, Mrs. B., I am not disposed to 
form a very favourable idea of chemistry, nor do I expect to derive 
much entertainment from it. I prefer the sciences which exhibit 
natnre on a grand scale, to those that are confined to the minutis 
of petty details. Can the- studies wbicb we have lately pursued, 
the general proprieties of matter, or the revolutions of the heaven- 
ly bodies^ be compared to the mixing up of a few insignificant 
mmgs? I grant, however, there may be some entertaining experi- 
ments in Chemistry, and should not dislike to try some of thera ; 
the distilling of lavender, for instance, or rose water 

Airs. B, I rather imagine, my dear Caroline, that your want of 
taste for chemistry proceeds from the very limited idea you enter* 
taio of its object. You confine the chemist's laboratory to the nar- 
row precincts of the apothecary's and perfumer's shops, whilst it is 
subservient to an immense variety of other useful purposes. Be- 
sides, my dear, chemistry is by no means confined to works of art. 
Nature also has her laboratory, which is the universe, and there she 
is incessantly employed in chemical operations. You are surprised, 
Caroline ; but I assure you, that the most wonderful and the most 

1. With what other study is that of chemistry closely connected? 

2. Why is the study of Natural Philosophy incomplete withoiat 
that of chemistry f 

3. What does Mrs. B. consider a chemical laboratory, in its mtmt 
extended signification ? 

2 
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interestingf phenomena of nature, are almost all of tbem produced 
b^ chemical powers. What Bergman, in the introduction to his 
history of chemistry, has said of this science, will give you a more 
just and enlarged idea of it. The knowledge of nature may be 
dirided, he observes, into three periods. The first is that in which 
the attention of men is occupied in learning (he external forms and 
characters of objects, and this is called J\''atural History, In the 
second, they consider the effect of bodies acting on each other by 
their mechanical power, as their weight and motion, and this con- 
stitutes the science of Natural Philosophy, The third period is 
that in which the properties and mutual action of the elementary 
parts of bodies are investigated. This last is the science of Ch£M« 
isTRT, and I hsLv^e no doubt you will soon agree with me in think- 
ing it the most interesting. 

You may easily conceive, therefore, that without entering into 
the minute details of practical chemistry, a woman may obtain 
such a knowledge of the science as will not only throw an interest 
on the common occurrences of life, but will enlarge the sphere of 
her ideas, and render the contemplation of nature a source of de- 
lightful instruction. 

Caroline,. If this is the case, I have certainly been much mista- 
ken in the notion I had formed of chemistry. I own that 1 thought 
it was trniefly^onfined to the knowledge and preparation of raSi- 
cines^ 

Mrs. B. That is only a branch of Chemistry which is called 
Pharmacy, and though the study of it is, no doubt, of great im- 
portance to the world at large, it belongs exclusively to profession- 
al men, and is therefore the last that I should advise you to pursue. 

Emily. But did not the chemists formerly employ themselves in 
search of the philosopher's stone, or the secret of making gold.^ 

* The Alchymists had in view. three great objects of discoyery, 
riz. 1st. The Elixir oj health: by the use of which the lives of 
men might be protracted to any desirable length, or their mortality 
prevented. 2nd. The unvctrsal solvent^ or a liquid which should 
dissolve every other substance. This, it was supposed, would lead 
to the grand discovery. 3rd. The making qfgold^ or finding the 
philosopher* s stone. That men of sound and discriminating minds 
on other subjects, should have spent their whole lives in pursuits so 
chimeral, is to us wonderful indeed. But our wonder ceases in 
some degree, when we are told that the doctrine of transmutation, 
&c. was founded on a Theory, which, in the 12th century, was 
considered as plausible, as we consider many of ours at the pres- 
ent day, viz. That a perfect metal consisted of quick iilver and fu/- 

4. To what author does Mrs. B. allude, in her introductory re- 
marks? 

5. Into how many periods does Bergman divide the knowledge of 
nature? 

6. What is the first? 

7. What is the second ? 

8. What is the third? 

9. What is that branch of chemistry called Pharmacy? 

10. What three great objects had the Alehymiste in view ? 



OF CHSMISTST. 15 

Jtfri. B. These were a particalar set of niis^ided philosopben, 
who dig'nified themselves with the nameof Alchymists, todistiog^ish 
their pursuits from those of the common chemists, whose studies 
were coofioed to the knowledge of medicines. 

But since that period, chemistry has undergone so complete a 
revolution, that, from an obscure and mysterious art, it is now be- 
come a regular and beautiful science, to which art is entirely sub- 
servient, it is true, however, that we are indebted to the alchy- 
mists for many very useful discoveries, which sprung from their 
fruitless attempts to make gold, and which, undoubtedly, have pre- 
yed of infinitely greater advantage to mankind than all their chi- 
merical pursuits. 

The modern chemists, instead of directing their ambition to the 
vain attempt of producing any of the original substances in na- 
ture, rather aim at analyzing and imitating her operations, and 
have sometimes succeeded in forming combinations, or effecting 
decom posit ionn, no instances of which occur in the chemistry of 
Nature. They have little reason to regret their inability to make 
gold, whilst, by their innumerable inventions and discoveries, they 
haFe so greatly stimulated industry and facilitated labour, as pro- 
digiously to increase the luxuries as well as the necessaries of life. 

Emily, But 1 do not understand by what means chemistry can 
facilitate labour; is not that rather the province of the mechanic? 

J^rs, B. There are many ways by which labour may be render- 
ed more easy independently of mechanics; but mechanical inven- 
tions therrHelves often derive their utility from a chemical princi- 
ple. Thus that most wonderful of all machines, the Steam-engine, 
could never have been invented without the assistance of chemis- 
try. In agriculture, a chemical knowledge of the nature of soils, 
and of vegetation, is highly useful ; and, in those arts which re- 
late to the comforts and conveniences of life, it would be endless to- 
enumerate the advantages which result from the study of this sci- 
ence. 

Caroline. But pray, tell us more precisely in what manner the 
discoveries of chemists have proved so beneficial to society ? 

phur; these, when pure and united, formed gold. That all other 
metals contained a quantity of drosss, which prevented the parti- 
cles of these two substances from uniting. If, therefore, this dross 
could be got rid of in the other metals, gold would be the result* — 
They believed also, that nature herself favoured this operation. — 
Thus Friar Roger Bacon, in his Mirror of Akchj^my, says, " I must 
tell you, that nature alwaies intendeth and striueth to the perfec- 
tion of gold ; but many accidents coming between, change the 
mettalls," iSzc. See his Book printed in 1597, chap. ii. — C 

11. Who were formerly called Alchymists? 

12. Why did they assume this name? 

13. What is the object of modern chemistry ? 

14. Can chemistry afford any assistance in manual labor? 

15. What are instances of it? 

16. How is chemistry serviceable in agriculture ? 

17. Wliai opinion is said in the note, to have prevailed in the 12/& 
terUury in relation to rtietals? 
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Mrs, B. That would be an injudicious aoticipation ; for you 
would not comprehend the nature of such discoyeries and useful 
applications, as well as you will do hereafter. Without a due re- 
gard t(Mnetbod,'^e cannot expect to make any prog^ress in chem- 
istry. 1 wish to direct your observations chieCfy to the chemical 
, operations of Nature; but those of art are certainly of too high 
importance to pass unnoticed. We shall therefore allow them also 
tome share of our attention. 

Emily. Well, then, let us now set to work regularly. I am very 
anxious to begin. 

Mrt. jB. The object of chemistry is to obtain a knowledge of the 
intimate nature of bodies, and their mutual action on each oth- 
er. You find, therefore, Caroline, that this is no narrow or confin- 
ed science, which comprehends every thing material within our 
sphere. 

Caroline. On the contrary, it must be inexhaustible ; and I am 
at a loss to conceive how any proficiency can be made in a science 
whose objects are so numerous. 

Mrt. Ja. If every individual substance were formed of different 
materials, the study of chemistry would, indeed, be endless ; but 
you must observe that the various bodies in nature, are^ composed 
of certain elementary principles, which are not very numerous.) 

Caroline. Yes : 1 know that all bodies are composed(of fire, air, 
earth, and watei*} I learnt that many years ago. 

MrM. B. But you must now endeavour to forget it. I have al- 
ready informed you what a great change chemistry has undergone 
since it has become a regular science. Within these thirty years 
aspecially, it has experienced an entire revolution, and il is now 
proved that neither fire, air, earth, nor water, can be called ele- 
mentary bodies. For apf elementary body is one that has never 
been decomposed, that is to say, separated into other substances \) 
end fire, air, earth, and water, are all of them susceptible of de- 
composition. 

Emily. I thought that decomposing a body was dividing it into 
its minutest parts. And if so, I do not understand why an elemen- 
tary substance is not capable of being decomposed, as well as any 
other. 

Mrs. B. You have misconceived the idea of decomposition ; it 
is very different from mere division. The latteiifsimply reduces a . 
body mto parts, but the former separates it into the various ingre- 
dients, or materials, of which it is composed^ If we were to take 
a loaf of bread, and separate the several ingredients of which it is 
made, the flour, the yeast, the salt, and the water, it would be very 
different from cutting or crumbling the loaf into pieces. 

Emily. I understand you now very well. To decompose a body 

18. To what does Mrs. B. say it is necessary to pay regard in the 
study of chemistry ? 

19. Of what aro the various bodies in nature ecomposed ? 

20. Of what was it formerly thought they were composed? 

21. What is an elementary body? 

22. What is the difference between division and decomposition? 

23. What are instances of decomposition ? 



is to separate from each other the vaHous elementarj tobtttnoM 
of which it consists. 

Caroline. But flour, water, and other materials of bread, acoord^ 
ing^ to your defioitioo, are not elemeotarr substances, 

Jifrs, B. No, my dear ; I mentiooed bread rather as a familiar 
comparison, to illustrate the idea, than as ao example. 
<^he elementary substances of wbich a body is composed^ars 
called the constituent parts of that body^ in decomposioff it, there- 
fore, we separate its constituent parts. (^Jf, on the contrary, we di- 
yide a bod}' by chopping^ it to pieces, oreren by grinding or pound- 
ing it to the finest powder, each of these small particles will still 
consist of a portion of the sereral constituent parts of the whole 
body : these are called the integrant parts / do you understand the 
difference ? 

Emili/. Yes, 1 think perfectly. We decompose a body into its 
eonstituent parts ; and divide it into its integrant parts. 

J€rs. B, Exactly so. If, therefore, a body consists of only one 
kind of substance, though it may be divided into its integrant parts, 
it is not possible to decompose it. Such bodies are, therefore, call- 
ed simple or elementary^ as they are the elements of which all other 
bodies are composed. Compound bodies are such as consist of more 
than one of these elementary principles, 

Caroline, But do not fire, air, earth, and water, consist, each of 
them, but of one kind of substance ? 

jars, B. No, my dear : they are every one of them susceptible 
of being separated into various simple bodies. Instead of four, 
chemists now reckon no less than fiftyseven elementary sub- 
stances. The existence of most of these is established by the 
clearest experiments ; but, in regard to a few of them, particularly 
the most subtle agents of nature, heat^ Hfht, and electricity^ there 
is yet much uncertainty, and I can only give you the opinion which 
seems most probably deduced from the latest discoveries. After I 
have given you a list of the elementary bodies, classed according 
to their properties, we shall proceed to examine each of them sepa- 
rately, and then cooeider them in their combinations with each 
other. 

Except the more ^neral agents of nature, heat, light, and elec- 
tricity, it would seem that the simple form of bodies is that of a 
metal.* 

Caroline, You astonish me I I thought the metals were only one 

*■ No actual discovery makes this probable. It is supposing that 
all the gases, as oxygen, hydrogen, &c., as well as phosphorus, sul- 
phur, and carbon, and several other substances are in part com- 
posed of a metal, and yet not one among this number are known to 
nave metallic bases. — C. 



'84. What are the constUttent parts of a body ? 

25. What are integrant parts of a body ? 

26. How may compound t>odies be defined ? 

27. How many elementary substances are there ? 

28. Concerning which three of them is there much uncertainty ? 
89. How is it proposed to examine these elementary substances ? 

2* 
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class of minerals, and that there were besides, earths, stones, rocks, 
acids, alkalies, rapours, fluids, and the whole of the animal and 
regetable kingdoms. 

Jtf r«. B. You have made a tolerably good enumeration, though 1 
fear not arranged in the most scientific order. All these bodies, 
however, it is now strongly believed, may be ultimately resolred 
into metallic substances.* Your surprise at this circumstance is 
not singular, as the decomposition of some of them, which has been 
but lately accomplished^ has excited the wonder of the whole philo- 
sophical world. 

but to return to the list of simple bodies — these being usually 
found in combination with oxygen, 1 shall class them according to 
their properties when so combmed. This will, I think, facilitate 
their future investigation. 

Emily. Pray, what is oxygen ? 

Mrs. B* A simple body ; at least, one that is supposed to be so, 
as it has never been decomposed. It is always found united with 
the negative electricity. It will be one of the first of the elementa- 
lly bodies, whose properties I shall explain to you, and, as you will 
soon perceive, it is one of the most important in nature ; but it 
woula be irrelevant to enter upon this subject at present. We 
must now confine our attention to the enumeration and classifica- 
tion of the simple bodies in general. They may be arranged as 
follows : 

CLASS I. 

ComprehendingtTie imponderable agents^ viz : 

HEAT OR CALORIC, 

LIGHT, 

ELECTRICITY. 

CLASS n. 

Comprehending agents capable of uniting with injfammable 
bodies, and in most instances of effecting their combustion. 

OXTOBN, 
CHLORINE, 
IODINE, t 



* Three of the alkalies only are known to hare metallic bases. 

f A majority of the most learned Chemists, it is believed, have 
doubted whether Chlorine and Iodine were supporters of combus- 
tion, any farther than they contain oxygen. — C. 

30. With what are simple bodies usually found in combination P 

31. With what are they always found united ? 

32. Which of the elementary substances are included in the first 
dass > 

33. What one does the second class include ? 

34. What numJbtr qfthe alkaliei are known to have metaUie bases f 
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ciiiissni. 

Comprehending bodies capable of uniting with oxygen^ and 
forming with it various compounds. This class may be 
divided as follows : 

DITI810N 1. 
HTDROGEif,/orming water. 

' DITI8T0W 2. 

Bodies forming acids. 
ifiTROOEN, . . . forming nitric acid. 
SULPHUR, .... forming sulphuric acid. 
PH03PH0RUS, . ./orming' phosphoric acid. 
CARBON, .... forming carbonic acid. 
BORACiUM, . . . forming boracic acid. 
FLuoRiUM, • . . forming fluoric acid. 
HURiATiuM, . . forming muriatic acid. 

DITISION 3. 

Metallic bodies forming alkalies, 
POTASSIUM, . . . ^rmm^ potash. 
BODFUM, . . . . /bnwiwg" soda. 
AMMONIUM, . . forming ammonia. 
LITHIUM, . . . forming lithina.'" 

DIVISION 4. 

Metallic bodies forming earths, 
CALCIUM, or metal forming lime. 

MAGNiUM ybrmm^ magnesia. 

BARIUM, /ormin^" barytes. 

STRONTIUM, . . .yorming- strontites, 
siLicruM, .... forming silex. 
ALUMiUM, .... forming alumine. 
YTTRIUM, . . . . ybrmtn^ yttria. 
OLUciUM, .... forming glucina. 
ZIRCONIUM, . . . forming zirconia.f 
THORNiUM, • . . forming thorina.| 

* This fourth alkali was discovered by Mr. Arfuodson, a Swedish 
checnist, so recently as the year 1818. 

f Of all these earths three or four only have as yet been dis- 
tinctly decomposed. 

I Thorina^ a new earth discovered by Berzelius in 1816, ib a 
mineral comgpsed of fluoric acid and cerium. 

35. What one makes the first division of the third class ? 

36. What ones make the second division of the third class? 

37. What ones make the third division of the third class f 
38« What ones make the fourth division of the third class ? 
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PIYISION 5. 

Metals f either naturally metaUicy or yielding their oxygen 
carbon or to heat ahne. 





SUBDIVISION 1. 




Malleable Metals. 


GOLD, 




COPPER, 


PLATINA, 




IRON, 


PALLADIUM 


9 


LEAD, 


SILVER,* 




NICKEL, 


MERCURr,t 




ZINC, 


TIN, 




CADMIUM.^ 




SUBDiy. 


2, 



BriUle Metals. 

A^RSENTC, ANTIMONY, 

BISMUTH, MANGANESE, 

SELENIUM,^ URANIUM, 

TELLURIUM, COLUMB lUM or TANTALUK, 

COBALT, IRIDIUM, 

TUNGSTEN, OSMIUM, 

MOLYBDENUM, RHODIUM, 

TITANIUM, CERIUM. II 

CHROME, 

* These first four metals have commonly been distioguished by 
the appellation of perfect or noble metals, on account of their pos- 
tjeissiDg' the characteristic properties of ductility, malleability, in- 
alserability, and great specific gravity, in an eminent degree. 

f Mercury, in its liquid state, cannot, of course, be called a mal- 
leable metal. But when frozen, it possesses a considerable degree 
of malleability. 

I A metal resembling tin; which was discovered -in 1819, in an 
ore of zinc, by Mr. Stromeyer. 

i Selenium was discovered a few years ago by Berzelius, in the 
ferruginous pyrites of Fahlun, of Sweden. It has the metallic lus- 
tre, but it does not conduct electricity, and is but a bad conductor 
of caloric. It passes to the state of oxide and acid, so that it might 
perhaps more strictly be classed with sulphur. It may be distin- 
guished by the smell of its vapour, which is that of horse radish. 

II These last four or five metallic bodies are placed under this 
olass for the sake of arrangement, though some of their properties 
Itave not been yet fully investigated. 



39. What ones make the first part of the fifth division in the 
third class ? 

40. What ones make the second part of the fifth division in th& 
second class P 

41. iVhyhavegoUkplatina^paUadiumi and tUvar^ been Called per^ 
feet or nobU metals ? 
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Caroline. Ob, what a formidable list ! j[oa will hare maeh to do 
to explain it, Mrs. B. ; for I assure jou it is perfectly UDintellig^bl^ 
to me, and I think rather perplexes than assists roe. 

J(fr«. B. Do not let that alarm yoa, my dear ; I hope that herea^ 
ter this classification will appear quite clear, and, so far from per- 
plexing yoa, will assist you m arranging^ your ideas. It would be 
m fain to attempt forming^ a division that would appear perfectly 
clear to a beg^inner ; for yoa may easily conceive that a chemical 
division being necessarily founded on properties with which yooare 
almost wholly unacquainted, it is impossible that jou should at oace 
be able to understand its meaning or appreciate its utility. 

But, before we proceed further, it will be necessary to gire yoa 
some idea of chemical attraction, a power on which the whole sci- 
ence depends. 

Chemical *^Uraction or the Attraction of Composition^ consists in 
the peculiar tendency which bodies of a diflerent nature have to 
unite with each other. It is by this force that all the compositions, 
and decompositions are effected. 

Emily. What is the difference between chemical attraction, and 
the attraction of cohesion, or of aggi*egation, which yoa often meiv- 
tioned to us, in former conversations? 

Jfra. B. The attraction of cohesion exists only between particlet 
of the same nature, whether simple or compound ; thus it unites the 
particles of a piece of metal which is a simple substance, and like- 
wise the particles of a loaf of bread, which is a compound. The at- 
traction of composition, on the contrary, unites and maintains, in a 
■tate of combination, particles oi ^ dissimilar nature ; it is this pow- 
er that forms each of the compound particles of which bread con- 
sists ; and it is by the attraction of cohesion that all these particles 
are connected into a single mass. 

Emily. The attraction of cohesion, then, is the power which unites 
the integriamt particles of a body ; the attraction of composition that 
which combines the constituent particles. Is it* not so? 

Jlfr#. B. Precisely ; and observe that the attraction of cohesion 
unites particles of a similar nature, without changing their original 
properties ; the result of such an union, therefore, is a body of the 
same kind as the particles of which it is formed ; whilst the attrac- 
tioD of composition, by combining particles of a dissimilar nature, 
produces compound bodies, quite different from any of theii^ constit- 
uents. If, for instance. I pour on the piece of copper, contained in 
this glass, some of this liquid (which is called nitric acid,) for which 
it has a strong attraction, every particle of the copper will combine 
with a particle of acid, and together they will form a new body, to- 
tally different from either the copper or the acid. 

42. Why do the divisions in chemical science appear unmeaning^ 
to the young student ? 

43. What is chemical attraction or the attraction of composition ? 

44. What is the difference between chemical attraction and the 
attraction of cohesion ? 

45. What is the experiment mentioned as illustrating chemical 
attraction? 

46. What will be the result if copper and nitric acid are put to- 
gether? 
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Do joa obseire the internal commotion that already begins to 
take place? It is produced by the combinatioD of these two sub- 
gtaoces,* and yet the acid has in this case to overcome not only the 
resistance which the strong cohesion of the particles of copper op- 
poses to their combination with it, but also to overcome the weignt 
cf the copper, which makes it sink to the bottom of the glass, and 
prevents the acid from having such free access to it as it would if 
the metal were suspended in the liquid. 

Emily. The acid seems, however, to overcome both these ob- 
stacles without difficulty, and appears to be very rapidly dissolving 
the copper. 

Jtfr#. B. By (his means it reduces the copper into more minute 
parts than could possibly be done by any mechanical power. Bat 
as the acid can act only on the surface of the metal, it will be some 
time before the union of these two bodies will be completed. 

You may, however, already see how totally different this com- 
pound is from either of its ingredients. It is neither colourless, like 
the acid, nor hard, heavy, and yellow like the copper. If you tasted 
it, you would no longer perceive the sourness of the acid. It has al 
present the appearance of a blue liquid ; but when the union is com- 
pleted, and the water with which the acid is diluted, is evaporated^ 
the compound will assume the form of regular crystals of a fine blue 
color, and perfectly transparent.! Of these I can show you a spe- 
oimen, as 1 have prepared some for that purpose. 

Caroline. How beautiful they are in colour, form, and transpap 
rency ! 

Emily. Nothing can be more striking than this example of chemi- 
cal attraction. 

Mrs. B. The term aliraction has been lately introduced into 
cftiemistry as a substitute for the word affinity^ to which some chen»- 
ists have objected because it originated in the vague notion thai 
chemical combinations depended upon a certain resemblance, or 
relationship, between particles that are disposed to unite ; and this 

* This hardly explains the process. A part of the oxygen of the 
nitric acid unites with the copper; and in consequence of this loss 
of oxjgen, the nitric acid is converted into nitrous gas. It is the 
escape of this gas through the water as it is formed that occasions 
the commotion. — C. 

f These crystals are more easily obtained from a mixture of sul- 
phnric with a little nitric acid.t 

X These crystals are tulphai of copper ^ or what is commonly known 
under the name oihlue'viirioL—C* 

47. What has the acid in this experiment to overcome ? 

48. On what part of a metal can the acid operate in this experi- 
ment? 

49. What is the appearance of the compoand substance thus foi^ 
med of copper and nitric acid ? 

50. In the place of what term has chemical attraction been sub- 
stitated ? 

61. What is said in the note to produce the commotion when cop* 
per and nitric acid are put together? 

52. What was the objection to the term affinity ? 
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idea is not onlj imperfect, but erroneous, as it is g^enerall j partielat 
df the most dissimilar nature, that have the greatest tendency CD 
combine. 

Caroline, Besides there seems to be no advantage in using a va- 
riety of terms to express the same meaningr; on the contrary, it 
oreates confusion; and as we are weW acquamted with the term Al> 
traction in natural philosophy, we had better adopt it in chemistry 
Tike wise. 

Jiiri. B. If you have a clear idea of the meaning, I shall leave 
yon at liberty to express it in the terms you prefer. For myself 
I confess that I think the word Attraction best suited to the gen- 
eral law that unites the integrant particles of bodies; and Affinity 
better adapted to that which <9Dnbmes the constituent particles, at 
it may convey an idea of the preference which some bodies hare 
for others, which the term attraction of composition does not so well 
express. 

Emily. So I think ; for though that preference may not result 
from any relationship, or similitude, between the particles (as you 
say was once supposed,) yet as it really exists, it ought to be ex- 
pressed. 

Mrs. B. Well let it be agreed that you may use the term^ affirir 
Uy, chemical attraction, and attraction a/composition, indifferently, 
provided you recollect that they have all the same meaning. 

Emily. I do not conceive how bodies can be decomposed by 
chemical attraction. That this power should be the means of com- 
posing them is veryobvious ; biit that it should at the same time, 
produce exactly the contrary effect, appears to me very singular. 

J^rt. B. To decompose a body is, you know, to separate its con- 
stituent parts, which, as we have just observed, cannot be done by 
mechanical means. 

Emily. No ; because mechanical means separate only the inte- 
g^nt particles ; they act merely against the attraction of cohesion, 
and only divide a compound into smaller parts. 

Jlfr#. B. The decomposition of a body is performed by chemical 
powers. If you present to a body composed of two principles, a 
third, which has a greater affinity for one of them than the two first 
have for each other, it will be decomposed, that is, its two principlet 
will be separated by means of the third body. Let us call two in- 
eredients, of which the body is composed, A. and B. If we present 
to it another ingredient C, which has a greater affinity for B than 
that which unites A and B, it necessarily follows that la will quit A 
to combine with C. The new ingredient, therefore, has effected a 
decomposition of the original body A B ; A, has been left alone, and 
a new compound B C, has been formed. 

Emily. We might, I think, use the comparison of two friends^ 
who were very happy in each other's society, till a third disunited 
them by the preference which one of them gave to the new comev- 

63. Why does Mrs. B. prefer the term affinity ? 
54. By what means can decomposition be effected } 
65. How can a compound body be decomposed ? 
56. What illustration is given of the manner of decomposing k 
body? 
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Jlfrt . B. Very well. I shall oow show you how this takes place 
in chemistry. 

Let us suppose that we wish to decompo|^ the compound we hare 
just formed by the combinatioD of the two iEfgredieuts, copper and 
nitric acid ; we may do this by preseDting to it a piece of iron, for 
which the acid has a stronger attraction than for copper : the acid 
will, consequently, quit the copper to combine with the iron, and 
the copper will be what the chemists call precipitated^ that is to say, 
it will be thrown down in its separate state, and re-appear in its 
simple form. 

In order to produce this effect, I shall dip the blade of this knife 
into the fluid, and when I take it out, you will dbserve that instead 
of being wetted with a bluish liquid, like that contained in the glass, 
it will be covered with a thin coat of copper. 

Caroline. So it is really ! but then is it not the copper, instead of 
the acid, that has combined with the iron blade ? 

Jtfrs. B, No; you are deceived by appearances; it is the acid 
which combines with the iron, and in so doing, deposites or precipi- 
tates the copper on the surface of the blade. 

Emily. But cannot three or more substances combine together, 
without any of them being precipitated ? 

Jilrh B. That is sometimes the case ; but, in general, the strong- 
er affinity destroys the weaker; and it seldom happens that the at- 
traction of several substances for each other is so equalley balanced 
as to produce such complicated compounds.* 

Caroline. But pray, Mrs. B., what is the cause of the chemical 
attraction of bodies for each other? It appears to me more extraor- 
dinary or unnatural, if I may use the expression, than the attraction 
of cohesion, which unites particles of a similar nature. 

Mrt. B. Chemical attraction may, like that of cohesion or grav^- 
itation, be one of the powers inherent in matter, which, in our 
present state of knowledge, admits of no other satisfactory explan- 
ation than an immediate reference to a divme cause. Sir H. Da- 
vy, however, whose important discoveries have opened such im- 
proved views in chemistry, has suggested an hypothesis which may 

* Such compounds are quite numerous. They are called tr^le 
salts. Alum is one. It is composed of aluroine, potash and sulphu- 
ric acid. Tartar Emetic is another. It is composed of tartaric 
acid, potash and antimony.^-C. 

57. How can the substance formed of copper and nitric acid be 
decomposed ? 

58. Why will decomposition take place on the application of iron ? 

59. What is precipitation f 

60. If it is the acid which combines with the iron, why is the iron 
covered with a thin coat of copper in this experiment ? 

61. Do more thain two simple substances ever unite in forming 
the same compound ? 

52. What are such compounds called .^ 

63. What are instances of them.^ 

64. What is one of the powers in addition to those mentioned by 
philosophers which may be considered as inherent in bodies? 
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throvr great ligpht upon that scieDce. He supposes thai ih»n are 
two kinds of electricity* with one or other of which all bodies are 
united. These we distinguish by the names of positive and ne^- 
Hve electricity ; those bodies are disposed to combine, which pos- 
sess opposite electricities, as they are brought together by the at-- 
traction which these electricities have for each other. But, whether 
this hypothesis be altogether founded on truth or not, it is impossi- 
ble to question the great influence of electricity in chemical com- 
binations. 

Emily. So, that we must suppose that the two electricities, al- 
ways attract each other, and thus compel the bodies in which they 
exist to combine ?* 

Caroline. And may not this be alse-the cause of the attraction of 
cohesion ? 

Jdrs. B. No, for in particles of the same nature the same elec- 
tricities must prevail, and it is only the different or opposite elec- 
tric fluids that attract each other. 

Caroline. These electricities seem to me to be a kind of chemi- 
cal spirit, which animates the particles of bodies, and draws them 
together. 

Emily. If it is known, then, with which of the electricities bo- 
dies are united, it can be inferred which will, and which will not, 
combine together > 

Mrs. B. Certainly. — I should not omit to mention, that some 
doubts have been entertained, whether electricity be really a ma- 
terial agent, or whether it might not be a power inherent in bodies, 
similar to, or perhaps identical with, attraction. 

* There seems to be an objection to this theoir as explained here. 
When two bodies, one in the positive, the other in the negative 
state of electricity are presented to each other, a mutual attraction 
takes place, until they touch, or come within the striking distance, 
so that the electric fluid can pass from the positive to the negative 
body. When this is effected, thev are said to be in a state of equi- 
librium, or in the same state of electricity, and consequently nei- 
ther attract nor repel each other. If, therefore, chemical attrac- 
tion depends on the different electrical states of the particles, we 
are still at a loss how to account for their adhesion even after they 
are united. The celebrated Kepler accounted for the affinity of 
particles by supposing each to have its likings and its antipathies, 
and the power of choosing accordingly. This theory only wants 
our belief to make it satisfactory. — C. 

65. How many kinds of electricity are there, and what are they 
caUed? 

66. What does Mrs. B. think has a g^eat influence in effecting^ 
chemical combinations ? 

67. What is said of electricity in the note ? 

68. What difficulty arises if we suppose chemical attraction to 
depend upon the different states of the particles ? 

69. How does Kepler account for the affinity of particles? 

70. What doubts does Mrs. B. mention as having been enter- 
tained concerning electricity ? 

3 
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Emily. But what, then, would be the electric spark which is 
Tisible, and must, therefore, be really material ? 

Jtfr#. B. What we call the electric spark, may. Sir IT. Davy 
says, be merely the heat and lig^bt, or fire produced by the chemical 
combioatioDs with which these pbeDomena are always coDoected. 
We will not, however, enter more fully on this important subject 
at present, but reserve the principal facts which relate to it to a 
future conversation. 

Before we part, however, I must recommend you to fix in your 
memory the names of the simple bodies ag^ainst our next interview. 



CONVERSATION U. 

ON LIGHT AND HEAT, OR CALORIC. 

Caroline. We have learned by heart the names of all the simple 
bodies which you have enumerated, and we are now ready to enter 
on the examination of each of them successively. You will begin, 
I suppose, with light ? 

Jurs. B. Respecting the nature of light we have little more than 
conjectures. It is considered by most philosophers as a real sub- 
stance immediately emanating from the sun, and from all luminous 
bodies, from which it is projected in right lines with prodigious ve- 
locity. Light, however, being imponderable, it cannot be confined 
and examined by itself ; and, therefore, it is to the effects it pro- 
duces on other bodies, rather than to its immediate nature, that we 
must direct our attention. 

The connexion between light and heat is very obvious ; indeed 
it is such, that it is extremely difficult to examine the one inde- 
pendently of the otherw 

Emily. But, is it possible to separate light from beat ? I thought 
they were only different degrees of the same thing, fire. 

Jl/r«. B. I told you that fire was not now considered as a simple 
^eroeiU. Whether light and heat be altogether different agents,or 
not, 1 cannot pretend to decide ; but, in many cases, light may be 
separated from heat. The first discovery of this was made by a 
celebrated Swedish chemist, Scheele. Another very striking illus- 
tration of the separation of heat and light was long after pointed 
out by Dr. Herschell. This philosopher discovered that these two 
agents were emitted in the rays of the sun, and the heat was less 

71. If electricity is a power inherent in bodies, what would the 
electric spark be which is visible, and therefore, must be really 
material ? 

72. What do most philosophers consider light? 

73. With What is light obviously connected ? 

74. Can ii^ht and heat be separated ? 

75. Who fitst discovered that they are not inseparably connect- 
ed? 
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refran^ble tbao light; for, ia separating the different coloured rart , 
of light by a prism, (as we did some time ago,] he found that tba 
greatest heat was beyond the spectrum, at a httle distance from the 
red rays, which, you may recollect, are the least refrangible. 

Emily. I should like to try that experiment. 

Jfn. B. It is by no means an easy one ; the beat of a ray of light, 
refracted by a prism, is so small, that it requires a very delicate ther- 
mometer to distinguish the difference of the degree of heat within 
and without the spectrum. For in this experiment, the heat is not 
totally separated from the light, each coloured ray retaining a cer- 
tain portion of it, though the greatest part is not sufficiently refrac- 
ted to fall within the spectrum. 

Emily. I suppose, then, that those coloured rays which are the 
least refrangible, retain the greatest quantity of heat ? 

Mrs. B. They do so. 

Emily. Though I no longer doubt that light and heat can be 
separated, Dr. Herschell's experiment does not appear to me to af- 
ford sufficient proof that they are essentially different ; for light which 
you call a simple body, may likewise be divided into the variooi 
coloured rays. 

Mrg. B. No doubt there must be some difference in the rarioug 
coloured rays. Even their chemical powers are different. Th« 
blue rays for instance, have the greatest effect in separating oxy- 
gen from bodies, as was found by Scheele ; and there exists also, 
as Dr. Wollaston has shown, rays more refrangible than the blue, 
which produce the same chemical effect, and, what is very remark- 
able, are invisible.* 

Emily. Do vou think it possible that heat may be merely a mod- 
ification of light? 

J^rg. B. That is a supposition which, in the present state of nat- 
ural philosophy, can neither be positively affirmed nor denied. Let 
us, therefore, instead of discussing theoretical points, be contented 
with examining what is known respecting the chemical effects of 
light. 

Light is capable of entering into a kind of transitory union with 
certain substances, and this is what has been called phosphores- 
cence. Bodies that are possessed of this property, after bemg ex> 
posed to the sun^s rays, appear luminous in the dark. The shells 
of fish, the bones of land animals, marble, limestone, and a variety 
of combinations of earths, are more or less powerfully phosphores- 
cent. 



* The violet rays have the power of imparting the magntiic vir- 

76. How can they be separated ? 

77. Which of the coloured rays refracted by a prism, retain the 
greatest quantity of heat ? 

78. What effect have the blue rays on bodies ? 

79. What power have the violet rays as mentioned in the note ? 

80. In ujhat does the process consist? 

81. Is light capable of a union with other substances ? 

82. What is this union called? 

83. With what substances does this union mostly take place, in 
the production of phosphorescence? 
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Caroline. I remember beings much surpHsed last summer with 
the phosphorescent appearance of some pieces of rolten wood, which 
bad just been dug out of the ground ; they shone so bright that I 
at first supposed them to be glow-worms. 

Emily, And is not the light of a glow-worm of a phosphorescent 
nature ? 

Jfr«. B. It is a very remarkable instance of phosphorescence in 
living animals ; this property, however, is not exclusively possessed 
by the glow-worm. The insect called the lanthorn-6y, which is 
peculiar to warm climates, emits light as it flies, producing in the 
dark a remarkably sparkling appearance. But it is more common 
to see animal matter in a dead state possessed of a phosphorescent 
quality ; sea-fish is often eminently so.* 

Emily. I am rather surprised, Mrs. B., that you should have said 
80 much of the light emitted by phosphorescent bodies, without tak- 
ing any notice of that which is produced by burning bodies. 

Mn, B. The light emitted by the latter is so intimately connect- 
ed with the chemical history of combustion, that I must defer all 
explanation of it till we come to the examination of that process, 
which is one of the most interesting in chemical science. 

Emily. 1 have heard that the sea has sometimes had the appear- 
ance of being illuminated, and that the light is supposed to proceed 
from the spawn of fishes floating on its surface. 

•Mrs. B. This light is probably owing to that or some other ani- 
' mal matter. Sea water has been observed to become luminous 
from the substance of a fresh herring having been immersed in it; 
and certain insects, of the Medusa kind, are known to produce sim- 
ilar effects. 

But the strongest phosphorescence is produced by chemical com- 
positions prepared for the purpose, the most common of which con- 
sists of oyster-shells and sulphur, and is known by the name of Can- 
ton's Phosphorus.! 



tue to steel. The process consists in intercepting all the rays ex- 
cept this, and of throwing this, being first collected into a focus by 
ft lens, on the middle of a needle, and carrying it towards the extrem- 
ity. This is to be done many times, and always towards the same 
extremity. After af while the needle acquires polarity. — C, 

*The phosphorescence of dead animals is owing to the escape of 
phosphorus in the form of phosphoretted hydrogen. This is set free 
from its combination with the substance of the animal by the putre^ 
factive fermentation. — C. 

f To prepare this, mix three parts of oyster-shells calcined for an 
hour and pulverized with one part of sulphur. This is to be rammed 
into a crucible, which is to be kept at a red heat for one hour. Oq 

84. What remarkable instances of phosphorescence in living ani- 
mals are mentioned ? 

85. To what it the nhosphorescence oj dead animaU omng ? 

86. Ho\D is it Jreeafrom its combination vrith the substance of the 
animal? 

87. What is the strongest phosphorescence, or how is it pro- 
dnoed? 

88. How is this substance prepared ? 
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Lig^ht is an agent capable of producing rarioai chemical changes. 
It is essential to the welfare both of the animal and vegetable king- 
doms ; for men and plants g^ow pale and sickly if deprived of its 
salutary influeoce. It is likewise remarkable for its property of de- 
stroying colour, which renders it of great consequence in the pro- 
cess of bleaching. 

Emily, Is it not singular that light, which in studying optics we 
were taught to consider as the source and origin of colours, should 
hare also the power of destroying them? 

Caroline- It is a fact, however, which we every day ezperience ; 
you know how it fades the colours of linens and silks. 

Emily. Certainly. And I recollect that endive is made to grow 
white instead of green, by being covered up so as to exclude the 
light. But by what means does light produce these effects ? 

Mrs, B. This I cannot attempt to explain to you until jo\i have 
obtained a further knowledge of chemistry. Ab the chemical pro- 
perties of light can be accounted for only in their refereoce to com- 
pound bodies, it would be useless to detain you any longer on this 
subject ; we may, therefore, pass on to the examination of heat, or 
caloric, with which we are somewhat better acquainted. 

Heat and Light may be always distinguished b^ the different 
sensations they produce. Light affects the sense of sight ; Caloric 
that of feeling ; the one produces Vision^ the other the sensation of 
BeaU 

Caloric ifl/ound to exist in a variety of forms or modifications, 
and I think it will be best to consider it under the two following 
heads, viz : 

1. Free or radiant caloric 

2. Combined caloric. 

The first, free or radiant caloric, is also called heat op 
temperature ; it comprehends all heat which is perceptible to 
the senses, and affects the thermometer. 

Emily. You mean, such as the heat of the sun, of fire, of candles, 
of stoves { in short, of every thing that burns? 

Mrs, B. And likewise of things that do not burn, as, for instance, 
the warmth of the body ; in a word, all heat that is tenaibley what- 
ever may be its degree, or the source from which it is derived. 

CmroUne* What, then, are the other modifications of caloric ? It 



exposing some of this to the sun's rays, it absorbs light, and will 
shine in the dark. This shows that light can be separated from 
heat.— C. 

89. WhiU does this experiment mrove ? 

90. To what is light essential, and what remarkable property 
has it ? 

91. What do optics teach us to consider the source and origin of 
colours ? 

92. How may light and heat always be distinguished ? 

93. Under what two heads is caloric considered ? 

3» 
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mutt be a strange kind of heat that cannot be perceiFed by our 
senses. 

Mrt. B. None of the modifications of caloric should properly be 
called heat ; for heat, strictly speaking, is the sensation produced by 
caloric, on animated bodies ; ttiis word, therefore, in the accurate 
language of science, should be confined to express the sensation. 
But custom has adapted it likewise, to inanimate matter, and we 
say, the heat of an oven, the heat of the eunj without any reference 
to the sensation which they are capable of exciting. 

It was in order to avoid the confusion, which arose from thus con* 
founding the cause and effect, that modern chemists adopted the 
new word caloric^ to denote the principle which produces heat ; yet 
they do not always, in compliance with their own language, limit 
the word heat to the expression of the sensation, since they still fre- 
quently employ it in reference to the other modifications of caloric 
which are quite independent of sensation.^ 

Caroline. But you have not yet explained to us what these other 
modifications of caloric are. 

JUre. B. Because you are not acquainted with the properties of 
free caloric, and you know that we have agreed to proceed with 
regularity. 

One of the most remarkable properties of free caloric is its power 
of dilating^ bodies. This fluid is so extremely subtle, that it enters 
and pervades all bodies whatever, forces itself between their parti- 
cles, and not only separates them, but frequently drives them asun- 
der to a considerable distance from each other. It is thus that ca- 
loric dilates or expands a body so as to make it occupy a greater 
space than it did before. 

Emily, The effect it has on bodies, therefore, is directly contrary 
to that of the attraction of cohesion ; the one draws the particles to- 
gether, the other drives them asunder. 

Mrs, B, Precisely. There is a continual struggle between the 
attraction of aggregation, and the expansive power of caloric ; 
and from the action of these two opposite forces, result all the va- 
rious forms of matter, or degrees of consistence, from the solid to 
the liquid and aeriform state. And, accordingly, we find that most 
bodies are capable of passing from one of these forms to the other 



'c If I touch a body at a higher temperature than my hand, I im- 
mediatelv receive a quantity of caloric from it, and at the same in- 
stant feel the sensation called heat. The caloric then is the cause 
of this sensation, and heat the effect of caloric passing into my 
hand. — 0. 



94. What is free or radiant caloric? 

95. What is heat, strictly speaking? 

96. What is the difference between caloric and beat, as the terms 
are used by chemists? 

97. What illuitraiion of thie is given in the note ? 

98. What is one of the most remarkable properties of firee ca- 
loric ? 

99. What two forces ai^ in direct opposition to each other? 

100. From what result all the various forms of matter, pr degrees 
of consistence in bodies? 
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merely in consequence of their reoeiying different qaantitiei of 
caloric. 

Caroline. That is rery curions ; but I think I understand the 
reason of it. If a rreat quantity of caloric is added to a solid body, 
it introduces itself between the particles in such a manner, as to 
overcome, in a considerable degree, the attraction of cohesion ; 
and the hody, from a solid, is then couFerted into a fluid. 

Mrs, B, This is the case whenever a body is fused or melted ; but 
if you add caloric to a liquid, can you tell me what it the con- 
sequence ^ 

Caroline. The caloric forces itself in greater abundance between 
the particles of the fluid, and drives them to such a distance from 
each other, that their attraction of aggregation is wholly destroy- 
ed ; the liquid is then transformed into vapor. 

Mrs. B. Very well ; aod this is precisely tke ease with boiling 
water, when it is converted into steaun or. vapor, and with all bod- 
ies that assume an aeriform state. 

Emily. I do not well-understand the word aeriform. 

Mrs. B. Any elastic fluid whatever ; whether it be merely va- 
pour or permanent air, is called aeriform. 

But each of these various states, solid, liquid, and aeriform, ad- 
mit of difierent degrees of density, or consistence, still ansing 
(chiefly at least) from the diflereot quantities of caloric the bodies 
contain. Solids are of various degrees of density, from that of 
gold, to that of a thin jelly. Liquids, from the consistence of melt- 
ed glue, or melted metals, to that of ether, which is the lightest of 
all liquids. The difierent elastic fluids (with which you are not yet 
acquainted) are susceptible of no less variety in their degrees of 
density. 

Emily. But does not every individual body also admit of different 
degrees of consistence, without changing its state? 

Mrs, B. Undoubtedly ; and this I can immediately show you by 
a very simple experiment. This piece of iron now exactly fits the 
frame, or nng, made to receive it ; but if heated red hot. it will no 
longer do so, for its dimensions will be so much inci:ea8ed by the 
caloric that has penetrated into it, that it will be much too large 
for the frame. 

The iron is now red hot : by applying it to the frame, we shall 
tee how much it is dilated. 

Emily. Considerably so indeed ! I knew that heat had this effect 
on bodies, but did not imagine that it could be made so conspicuous^ 

101. Whatcauset bodies to pass from one of these forms to the 
other P 

102. How would vou explain the manner in which a sdid it coo- 
rerted'into a liquid r 

103. If we add caloric to a liquid, what is the consequence ? 

104. What is meant by the word aeriform P 

105- From what do the different degrees of density or consist- 
ence arise ? 

106. Which is the lightest of all liquids ? 

107. Are the elastic fluids susceptible of various degrees of den- 
• tity ? 

lOB. Do bodies admit of different degrees of consistence without 
changing their state f 
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Mn, B. By means of this instrament (called a Pyrometer) we 

may estimate, in the most exact manner, the various dilatations of 

any solid body by heat. The body we are now goings to submit to 

trial u this small iron bar ; I fix it to this apparatus, and then 

Fig. I. Pyrometer. 




A A. Bar of m«tal. 12 3, Lamps burning. B B. Wheel work. C. Index, 
heat it by lighting^ the three lamps beneath it ; when the bar ex- 
pands, it increases in length as well as thickness ; and, as one end 
communicates with this wheel work, whilst the other end is fixed 
and immoTeable, no sooner does if begin to dilate than it presses 
against the wheel work, and sets in motion the index, which points 
out the degrees of dilatation on the dial plate. 

Emily. This is, indeed, a very curious instrument ; bat I do not 
understand the use of the wheels; would it not be more simple, 
and answer the purpose e<][ually well, if the bar in dilating, pressed 
against the index, and put it in motion without the interFention of 
the wheels f 

Mrs. B. The use of the wheels is merely to multiply the motion, 
and therefore render the efiect of the caloric more obvious ; for if 
the index moved no more than the bar increased in length, its mo- 
tion would scarcely be perceptible ; but by means of the wheels, it 
moves in a much greater proportion, which therefore renders the 
ratiations far more conspicuous. 

By submitting different bodies to the test of the pyrometer, it is 
found that they are far from dilating in the same proportion. Dif- 
ferent metals expand in different degrees, and other Kinds of solid 
bodies vary still more in this respect. But this different suscep- 
tibility of dilatation is still more remarkable in fluids than in solid 
bodies as I shall show yon. I have here two glass tubes, terminated 
at one end by large bulbs. We shall fill the bulbs, the one wi^ 



109. What experiment proves that they do? 

110. What is the use of the Pyrometer.? 

111. How would you explain figiire 1 ? 

112. What is the use of wheels in this instrument ? 

1 13. Does caloric expand all bodies in the same degree ? 

114. Which are most susceptible of dilatation, fluids or soUdi ? 
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spirit of wine, the other with water. I hare colored both liquids, 
in order that the effect may be more conspicoons. The spirit of 
wine, jou see, dilates by the warmth of my baod as I hold the bulb.* 
Emily. It certainly does, for I see it is rising^ into the tube. Bat 
water it seems, is not so easil? affected by heat ; for scarcely any 
change is produced on it by the warmth of the hand. 

Fig. 2. Mrs. B. True ; we shall now plunge 

the bulbs into hot water, and you will 
see both liquids rise in the tubes ; but the 
spirit of wine will ascend highest. 

Carolina. How rapidly it expands ! 
Now' it has nearly reached the tube, 
though the water has hardly begun to 
rise. 

Emily. The water now begins to dilate. 
Are not these glass tubes, with liquids 
rising within them, very like thermoroo- 
ters? 

MvB, B. A thermometer is construct- 
ed exactly on the same principle, and 
these tubes require only a scale to an- 
swer the purpose of thermometers ; but 
they would be rather awkward in their 
dimensions. The tubes and bulbs of 
thermometers, though of Tarious sizes, 
are in general much smaller than these ; 
"Vj^' S-*^' the tube too, is hermeticallyf closed, and 

r^^ C V ^^^ ^^^ excluded from it. The fluid 
^»i^ ^**«...— ^ most generally used in thermometers, is 
AA/^» en. T.«n, * mercury, commonly called quicksilver, 
wmter ia wiucb they an inuMmd. the dilatatious and Contractions of which 
crreap ond more exactly to the additions 
and subtractions of caloric, than those of any other fluid. 

Caroline. Tet 1 have often seen coloured spirit of wine used in 
thermometers. 

Jdra. B. The expansions and contractions of that liquid are not 
quite so uniform as those of mercury ; but in cases in which it is 

* In the absence of the glass tubes terminated by bulbs, procure a 
pair of tin canisters, three inches high and two wide, soldered up 
all round. In the middle of the top of each, have inserted a circu- 
lar tin spout, and into these cement glass tubes about twelve inches 
high. These will answer every purpose. — C. 

f The tube is closed by holding the end over a spirit lamp until 
the glass is melted. This word is derived from Hermes^ the Greek 
name for mercury. He is said to hare been the inventor of chem- 
istry; bence this is sometimes called the Hermetic art, and hermet- 
ically, or chemically closed, is closed by heat or melting. — C. 

115. What is the object of figure 2 } 

116. What fluid is generally used ia thermometers? 

117. How do the expansions and contractions of the spirits of 
wioe compare with those of mercury ? 
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* 
not requisite to ascertain the temperature with ereat precision, 
spirit of wine will answer the purpose equally well, and indeed in 
some respects better, as the expansion of the latter is greater, and 
therefore more conspicuous. Thisfluid is used likewise in situations 
and experiments in which mercury would be frozen ; for mercury 
becomes a solid body, like a piece of lead or any other metal, at 
a certain decree of cold ; but no degree of cold has ever been 
known to freeze spirit of wine.* 

A thermometer, therefore, consists of a tube with a bulb, such as 
you see here, containing a fluid whose degrees of dilatation and 
contraction are indicated by a scale to which the tube is fixed. — 
The degree which indicates the boiling point simply means that 
when the fluid is sufficiently dilated to rise to this point, the heat is 
such that water exposed to the same temperature will boil. When 
on the other hand, the fluid is so much condensed as to sink to the 
freezing point, we know that water will freeze at that temperature. 
The extreme points of the scales are not the same in all thermome- 
ters, nor are the degrees always divided in the same manner. In 
different countries philosophers have chosen to adopt different 
scales and divisions. The two thermometers most used are those 
of Fahrenheit, and of Reaumur ; the first is generally preferred by 
the English, the latter by the French. 

Emily. The variety of scale must be very inconvenient, and I 
should think liable to occasion confusion, when French and Eng^ 
lish experiments are compared. 

J\frt, B. The inconvenience is but very trifling, because the dif- 
ferent gradations of the scales do not effect the principle upon 
which thermometers are constructed. When we know, for in- 
stance, that Fahrenheit's scale is divided into 212 degrees, in which 
32^ corresponds with the freezing point, and 21i2° with the point of 
boiling water ; and that Reaumur's is divided only into 80 degrees* 
in which 0^ denotes the freezing point, and 80^ that of boiling 
water, it is easy to compare the two scales together, and reduce 
the one into the other. But, for greater convenience, thermome- 
ters are sometimes constructed with both these scales : one on 
either side of the tube ; so that the correspondence of the different 
degrees of the two scales is thus instantly seen. Here is one of 
these scales, (Fig. 3, see next page,] by which you can at once per- 
ceive that each degree of Reaumur^s corresponds to 2 1-4 of Fah- 
renheit's division. But I believe the French have, of late, given 
the preference to what they call the centigrade scale, in which the 
space between the freezing and the boiling point is divided into 100 
degrees. 

* Spirit of wine is stated to have been frozen in England by some 
process which the author has preferred to keep secret. — C. 

When is spi rit of wine used ? 

118. How would you describe a thermometer? 

119. What two thermometers are mostly used ? 

120. How are they graduated.' 

121. What is the temperature of boiling water ^ 

122. To what scale have the French been said to have preference ? 
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Fig:- 3. 
Thermometer, 






CaroHne. That seems to me 
the most reasooable diTision, 
and I cannot g^uess why the freez- 
ing point is called 32°, or what 
advantage is deriFed from it. 

Mrs. B. There really ie do 
advantafre in it ; and it orig^nat- 
^^^^ od in a mistaken opinion of the 
^*"* instrument-maker, Fahrenheit, 
xf ho first constructed t^ese ther- 
mometers. He mixed snow and 
E^alt tog^ether, and produced by 
(hat means a degpree of cold 
TThich he concluded was the g^reat- 
est possible, and therefore made 
tiis scale begin from that point. 
Between that and boiliog water 
he made 212 degrees, and the 
freezing point was found to be 
at32o. 

Emily. Are spirit of wine, and 
mercury, the only liquids used 
in the construction of thermom- 
eters? 

Mrs, B, I believe they are the 
only liquids now in use, though 
some others, such as linseed oil, 
would make tolerable thermom- 
eters; but for experiments in 
which a very quick and delicate 
lest of the changes of tempera- 
ture is required, air is the fluid 
sometimes employed. The bulb 
ot air thermometers is filled with 
common air only, and its expan- 
sion and contraction are indicat- 
ed by a small drop of any col- 
oured liquor, which is suspended 
within the tube, and mores up, 
and down, according as the air 
within the bulb and tube expands 
or contracts. But in general, 
air thermometers, however sen- 
sible to changes of temperatupe, 
are by no means accurate in 
their indications. 

I can howeverrsliow you an air thermometer of a very peculiar 
construction, which is remarkably well adapted for some chemical 




123. Why was the freezing point in Fahrenheit's thermometer 
fixed at 32 degrees ? 

124. How are thermometers constructed? 
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ezperimentf, at it is eqoallj delicate and accfurate in its indica- 
tions.^ 

DiJjrereiUi^lThermom^ CaroHne. ItlookslikeadcmMethermom- 
•*' ^^ eter reversed, the tube being bent, and hav- 

®ing a large bulb at each of its extremities. 
/^\ £mi/y. Whydoyoucallitanairthermom- 

V^^y cter ; the tube contains a coloured liquid ? 
^"^^ Mrs, B. But observe that the bulbs are 
filled with air, the liquid being confined to 
a portion of the tube, and answering only 
the purpose of showing, by its motion in ttke 
tube, the comparative dilatation or contrac- 
tion of the air within the bulbs, which afford 
an indication of their relative temperature. 
Thus if you heat the bulb A, by the warmth 
of vour band, the fluid will rise towards the 
bulb B, and the contrary will happen if you 
reverse the experiment. 

But if on the contrary, both tubes are of 
the same temperature, as is the case now, the 
coloured liquid, suffering an equal pressure 
on each side, no change of level takes place. 
Caroline. This instrument appears, indeed, 
uncommonly delicate. The fluid is set ia 
motion by the mere approach of my hand. 

Jttr^. B, You must observe, however, that 
this thermometer cannot indicate the tem- 
perature of any particular body, or of the 
medium in which it is immersed ; it serves only to point out the dif- 
ftrtnce of temperature between the two bulbs, when placed under 
different circumstances. For this reason it has been called differ- 
ential thermometer. You will see hereafter to what particular 
purposes this instrument applies. 

Emily* But do common thermometers indicate the exact quan- 
tity of caloric contained either in the atmosphere, or in any body 
with which they are in contacts 

* Students in chemistry may amuse themselves with air ther- 
mometers of their own construction. Procure a flat vial or ink- 
stand with a wide mouth ; also, a broken thermometer tube, the 
bulb being entire. Fit a cork air tight to the vial, and pierce it 
in the middle with a hot iron to admit the tube. Fill the vial about 
half full of some colored li(}uid. Warm the bulb of the tube by 
holding it in the hand, and m this state introduce the small end 
through the cork nearly to the bottom of the vial. The hand be- 
ing removed from the bulb, the fluid will raise in the tube. The flu- 
id will afterwards rise or fkll as heat is applied to the vial or bulb. 
— C. 

f The thermometer indicates the exact quantity of free caloric. 




1«5. What i» said of air thermometers in the note? 

126. Which figure represents an air thermometer ? 

127. Why has the air thermometer been called the differential 
thermometer? 



FSSS CAIiOBXC. 37 

•Vr«. B, No : first, because there are other modificatioos of ca- 
loric which do not affect the thermometer ; aod, secondly, because 
the temperature of a body, as indicated by the thermometer, is on- 
ly relative^ When, for fhstance, the tberuiometer remains sta- 
tionary at the freezing^ point, we know that tbe atmosphere, (or 
medium in which it is plac^, whateyer it may be) is as cold as 
freezing water ; and when it stands at the boilmg* point, we know 
that this medium is as hot as boiling- water; but we do not know 
the positive quantity of heat contained either in freezing or boiling 
water, any more than we know the real extremes of heat ^nd cold ; 
and consequently we cannot determine that of the body in which 
the thermometer is placed. 

Caroline- I do not quite understand this explanation. 

J^rs. B, Let us compare a thermometer to a well, in which the 
water rises to different heights, according as it is more or less sup- 
plied by the spring which feeds it ; if the depth of the well is uo- 
faithomable, it must be impossible to know the absolute quantity of 
water it contains ; yet we can with the greatest accuracy measure 
the number of feet the water has risen or fallen in the well at any 
time, and consequehtly know the precise quantity of its increase 
ordimmution, without having the least knowledge of the whole 
quantity of water it contaii^.''' 

Caroline. Now I comprehend it very well; nothing appears to 
me to explain a thing so clear as a comparison. 

Emily. But will thermometers bear any degree of heat ? 

Jdrs. B. No; for if the temperature were much above the high* 
tot degree marked on the scale of the thermometer, the mercu- 
ry would burst the tube in an attempt to ascend. And at any rate, 
DO thermometers can be applied to temperatures higher than the 
boiling point of the liquid used in its construction, for the steam, 
OQ the liquid beginning to boil, would burst the tube. In furna- 
ces,' or whenever any very high temperature is to be measured, u 

present at the time and place of the experiment. Thus if a cer- 
tain quantity of heat is required to raise the mercury 20^, double 
this quantity wiU raise it to 40^. All bodies contain a quantity of 
beat not appreciable by the thermometer, or sensible to the touch. 
This is called Jixed or latent heat. This can sometimes be set free, 
as when we hammer a piece of cold iron it becomes hot. Thus 
tbe latent caloric is squeezed out of the iron by the contraction of 
its pores under the hammer, and it then becomes Jree caloric. — C. 

* This passage may be expounded as follows. The unfathoma- 
ble depth of the well signifies the absolute quantity of caloric, and 
which the thermometer does not measure; because all bodies 

128. Do common thermometers indicate the exact quantity of 
caloric contained either in the atmosphere, or in any body, with 
which they come in contact ? 

129. Why do they not? , 

130. What comparison is made between a well and a thermom- 
eter? 

131. Why might not thermometers be applied to temperatures 
higher than the boiling point of the liquid used in their construe- 
tion ? 

4 
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pyrometer, invented by Wedgwood, is used for that purpose. It 
IS made of a certain composition of baked clay, which has the pe- 
culiar property of contracting- by heat, $o that the degree of con- 
traction of this substance indicates the temperature to which it has 
been exposed. 

Emily * But is it possible for a body to contract by heat? 1 
thought that heat dilated all bodies wbaterer. 

Mrt. B. This is not an exception to the rule. You must recol- 
lect that the bulk of the clay is not compared, whilst hot, with that 
which it has when cold ; but it is from the change which the clay 
has undergone by having been heated, that the indications of this 
instrument are derived. This change consists in a beginning fu- 
sion, which tends to unite the particles of clay more closely, thus 
rendering it less pervious or spongy.* 

Clay is to be considered as^ a spongy body, abounding in inter- 
stices or pores, from its having contained water when soft. These 
interstices are by heat lessened, and would by extreme heat be en- 
tirely obliterated. 

Caroline. And how do you ascertain the degrees of contraction 
of Wedgwood's pyrometer? 

JIfrt. B. The dimensions of the piece of clay are measured by a 
scale graduated on the side of a tapered groove, formed in a brass 
ruler ; the more the clay is contracted by the heat, the further it 
will descend into the narrow part of the tube. 

Before we quit the subject of expansion, I must observe to you, 
that, as liquids expand more readily than solids, so elastic fluids, 
whether air or vapour, are the most expansible of all bodies. 

It may appear extraordinary, that all elastic fluids whatever, un- 
dergo the same degree of expansion from equal augmentation of 
tennperature. 

Emily. I suppose, then, that all elastic fluids are of the tame 
density. 

Jlfr#. B. Very far from it ; they vary in density, more than ei- 
ther liquids or solids. The uniformity of their expansibility, which 
at first ma> appear singular, is, however, readily accounted for. 
For if the different susceptibilities of expansion of bodies arise 
from their various degrees of attraction of cohesion, no such dif- 

bowever cold, still contain caloric. Thus mercury freezes at 40^ 
below zero, but still contains caloric, and so on. The rising and 
falling of the water signifies the greater or less quantity of free ca- 
loric as indicated by the thermometer. — C. 

* According to the calculations of Saussure, the temperature 
necessary to melt this clay is 1675^ Wedgwood, which is a degree 
of heat greatly beyond our common furnaces. It it therefore most 
probable that the clay contracts at lower temperatures by the loss 
of moisture.— C. 

132. Do all bodiet hotoever cold contain caloric ? 

133. In what manner is it that clay appears to contract by heat f 

134. What bodies are most expansible ? 

135. Are all elastic fluids equally expanded from equal augmen- 
tations of temperature ? 

136. Are all elastic fluids of the same density ? 
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ference can be expected in elastic fluids, since in these the attrac* 
tion of cohesion does not exist, their particles beingfon the contrary 
possessed of an elastic or repulsive power ; they will therefore all 
be equally expanded by equal degrees of caJoric. 

Emily. True ; as there is no power opposed to the expansire 
force of caloric in elastic bodies, its effect must be the same in all 
of them. 

J^r». B. Let us now proceed to examine the other properties of 
free caloric. 

Free caloric always tends to diffuse itself equally ; that is to say, 
when two bodies are of different temperatures, the warmer gradu- 
ally parts with its heat to the colder, till tbey are both brought to 
the same temperature. Thus, when a thermometer is applied to a 
hot body, it receives caloric ; when to a cold one, it comrounicatet 
part of its own caloric, and this communication continues until the 
thermometer and the body arrive at the same temperature. 

Emily. Cold, then, is nothing bt>t a negative quality, simply im- 
plying the absence of heat. 

Jtfrf. B. Not the total absence, but a diminution of heat ; for we 
know of no body in which some caloric may not be discovered. 

Caroline. But when I lay my hand on this marble table, I feel 
it pon<tve/y cold, and cannot conceive that there is any caloric in 
it 

J^rs. B. The cold you experience consists in the loss of caloric 
that your hand sustains in an attempt to bring its temperature to 
an equilibrium with the marble. If you lay a piece of ice upon it, 
you will find that a contrary effect will take place ; the ice will be 
melted by the heat it abstracts from the marble. 

Caroline. Is it not in this case the air of the room, which being 
warmer than the marble, melts the ice ? 

JIfrf. B. The air certainly acts on the surface which is exposed 
to it, but the table melts that part with which it is in contact. 

Caroline. But why does caloric tend to an equilibrium ? It can- 
not be on the same principle as other fluids, since it has no weight ? 

JIfrf. B. Very true, Caroline, that is an excellent objection. 
You might also, with some propriety, object to the term equilibri' 
um being applied to a body that is without weight ; but I know of 
no expression that would explain my meaning so well. You must 
consider it, however, in a figurative rather than a literal sense; its 
strict meaning is an equal diffusion. We cannot, indeed, well say 
by what power it diffuses itself equally, though it is not surprising 
that it should go from the parts which have the most to those whicn 
have the least. The subject is best explained by a theory sngges- 

137. How then can their uniformity of expansibility be account- 
ed for ? 

138. How does caloric tend to diffuse itself? 

139. How is this illustrated by a thermometer ? 

140. What is cold? 

141. Do we know of any substance in which some caloric may 
not be found ? 

142. Why do some bodies feel cold if we lay our hand upon them ? 

143. What objection is there to the term equilibrium, when 
speaking of the equal diffusion of caloric? 
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ted by Professor Pre^ost of Geneva, which is now, I believe, gen- 
erally adopted. 

According to this theory, caloric is composed of particles per- 
fecily separate from each other, every one of which moves with a 
rapid velocity in a certain direction. These directions vary as much 
as imagination can conceive, the result of which is, that there are 
rays or lines of these particles moving with immense velocity in 
every possible direction. Caloric is thus universally diffused, so 
that when nny portion of space happens to be in the neighborhood 
of another, which contains more caloric, the colder portion re- 
ceives a quantity of calorific rays from the latter, sufficient to re- 
store an equilibrium of temperature. This radiation does not 
only take place in free space, butextendsalso to bodies of every kind.^ 
Thus you may suppose all bodies whatever, constantly radiating ca- 
loric ; those that are of the same temperature give out and absorb 
equal quantities, so that no variation of temperature is produced ia 
them ; but when one body contains more free caloric than anoth- 
er, the exchange is always in favour of the colder body, ontil aa 
equilibrium is effected ; this you find to be the case when the mar- 
ble table cooled your hand, and again when it melted the ice. 

Caroline, This reciprocal radiation surprises me extremely ; I 
thought, from what you first said, that the hotter bodies alone 
emitted rays of caloric which were absorbed by the colder ; for it 
seems unnatural that a hot body should receive any caloric from a 
cold one, even though it should return a great quantity. 

Mrs, B. It may at first appear so, but it is no more extraordina- 
ry than that a candle should send forth rays of light to the san, 
which, you know, must necessarily happen. 

Caroline. Well Mrs. B., I believe that I must give up the point. 
But I wish I could see these rays of caloric ; I should then hare 
greater faith in them. 

Mrs. B. W ill you give no credit to any sense but that of sight ? 
You may feel the rays of caloric which you receive from any body 
of a temperature higher than your own; the loss of the caloric 
you part with in return, it is true, is not perceptible ; for as you 
gain more than you lose, instead of suffering a dimmution, yon 
are really making an acquisition of caloric. It is, therefore, only 
when you are parting with it to a body of a lower temperature, 
that ^ou are sensible of the sensation of cold, because you then sus- 
tain an absolute loss of caloric. 

* This is true when applied to inanimate matter. But if a lire 
animal is exposed to a degree of heat above the temperature of its 
own body, it has the power of resistance ; and though the heat be 
!00 degrees above that of the animal, it scarcely afi^cts its temper- 
ture.— C. 

144. What is pofessor Prevost's theory of caloric .' 

145. W^luit remark respecting live animals is made in the note .' 

146. Di^all bodies constantly radiate caloric ? 

147. Ifohe body contains more free caloric than another, what is 
the consequence .' 

148. Does a hot body receive caloric from a cold one ? 

149. How does Mrs. B. answer the objection to the reciprocal 
radiation of caloric between bodies of different temperature ? 

150. What occasions the sensatioii of cold P 
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Emily, And io this case we cannot be sensible of tbe small 
quantity of beat we receive in exchange from the colder body, be- 
cause it serves only to diminish tbe loss. 

Mrt. B, Very well, indeed, Emily. Professor Pictet, of Gene- 
va, has made some very interesting experiments, which prove not 
only that caloric radiates from all bodies whatever, bat that these 
rays may be reflected, according to the laws of optics, in the same 
manner as light. I shall repeat these experiments beforejou, hav- 
ing procured mirrors* fit for the purpose ; and it will afiord us an 
opportunity of using the differential thermometer, which is partic- 
ularly well adapted for these experiments.— I place an iron bullet, 
Fig. 5. 
Jtfr. PicteiU Apparatw/or th$ Reflection of Heat* 




A A, Juid B B, CoBCftT* MiiTon, fxtil on ttanda. C, H«cted BalUt, pitetd in tb* fo«m of tb* 
Jff iRior A. D, Th*rmom«t*r, with ito bolb plkecd in tb« focna of the Mirror B. 13 3 4, rajs of 
Caloric ndiaiinf from tba BuUat, and fallin|^ on tht Mirror A. 5 6 7 8, tht uun* rajra rcicctad 
froa tht Mirror A to the Mirror B. 9 10 11 13, tbo mb* raja rtflteted bj tht Mirror B, to tht 
TbormooMttr. 

about two inches in diameter, and heated to a degree not sufficient 
to render it luminous, in the focus of this large metallic concave 
mirror. The rays of heat which fall on this mirror are reflected, 
agreeably to tbe property of concave mirrors, io a parallel direc- 
tion, so as to fall on a similar mirror, which, you see, is placed op- 
posite to tbe first, at the distance of about ten feet; thence the 
rays converge to the focus of the second mirror, in which I place 
one of the bulbs of this thermometer. Now, observe in what man- 
ner it is affected by the caloric which is reflected on it from the 
heated bullet. — The air is dilated in the bulb which we placed in 
the focus of the mirror, and the liquor rises considerably in the op- 
posite leg. 

* Mirrors made of common tinned iron show this experiment 
very well. Thev may be 10 or 12 inches in diameter, and about 2 
inches deep. Tl^ey must be planished with a hammer having a 
convex face, and afterwards polished with a piece of buckskin, and 
a little whiting. — C. 



151. What do Porfessor Pictel^s experiments on caloric prove? 

152. What is the object of figure 5 ? 

153. How would you explain the experiment represented in this 
figure? 

4* 
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Emily. But would not the same effect take place, if the rays of 
caloric from the heated bullet fell directly on the thermometer, 
without the assistance pf the mirrors ? 

Mrs, B, The effect would ia that case be so trifling, at the dis* 
tauce at which the bullet and the theruiometer are from each oth- 
er, that it would be almost imperceptible. The mirrors, you 
know, greatly increase the effect, by collecting a larg^e quantity of 
rays in a focus ; place your hand in the focus of the mirror, and you 
will find it much hotter there than when you remote it nearer to 
the bullet. 

Emily, That is Very true ; it appears extremely singular to fe^ 
the heat diminish in approaching the body from which it proceeds. 
Caroline, And the mirror which produces so much heat, by con- 
ringing the rays, is itself quite cold. 

Mr9* B, The same number of rays that are dispersed orer the 
surface of the mirror are collected by it into the focus; but if you 
consider how large a surface the mirror presents to the rayS|«nd 
consequently, how much they are diffused in comparison to what 
they are at the focus, which is a little more than a point, I thiuk yoa 
can no longer wonder that the focus should be so much hotter than 
the mirror. 

The principal use of the mirror in this experiment is, to profrre 
that the calorific emanation is reflected in the same manner as 
light. 

Caroline. And the result, I think, is very cooclusiye. 
Mrt. B» The experiment may be repeated with a wax taper in* 
stead of the bullet, with a view of separating the light fronfi the 
caloric. For this purpose a transparent plate of glass must be in- 
terposed between the mirrors ; for light, you know, passes with 
great facility through glass, whilst the transmission of caloric is 
almost wholly impeded by it. We shall find, however, in this ex- 
periment, that some few of the calorific rays pass through the glass 
together with the light, as the thermometer rises a little; but, as 
soon as the glass is removed, and free passage left to the caloric, it 
will rise considerably higher. 

Emily, This experiment, as well as that of Dr. Herschell's, 
proves that light and heat may be separated ; for in the latter ex- 
periment the separation was not perfect, any more than that of Mr. 
Pictet. 

Caroline, I should like to repeat this experiment, with the dif^ 
ference of substituting a cold body instead of a hot one, to see 
whether cold would not be reflected as well as heat. 

J4r9. B. That experiment was proposed to Mr. Pictet by an in- 
credulous philosopher like yourself, and he immediately tried it by 
substituting a piece of ice in the place of a heated bullet. 
Caroline, Well, Mi^. B., and what was the result? 

154. Why do mirrors increase the effect in this experiment ? 

155. Why does a metallic mirror feel cold when placed be£bre 
the fire ? 

156. What is the use of the mirror in the experiment ? 

157. What substance almost wholly impedes the transmission of 
caloric ? 

1 58. What does this prove f 

159. What philosopher supposed that cold might be reflected? 
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Mn^ B, Tbat we ibftU mc; I bmre procured loiiie ioe for the 
piurpose. 

Emily, The tbarmomeler fidls ooDftiderabl j ! 

Caroline* And does not that pro^e that cold is not merely a luwr- 
athe qealitj, implyiog simply an inferior degpree of beat? Tbe 
cold must be potitwe, since it is capable of reflection* 

Jirs, B. So it at first appeared to Mr. Pictet ; but upon a little 
consideraticm be found that it afiOmrded obI/ an additional proof of 
the reflection of heat ; this I shall endeavour to explain to jou. 

According to Mr. Prerost's theory, we suppose that aU bodies 
whatever rs^iate caloric ; tbe thermometer used in these ezper« 
iments, therefore, emits calorific rays in (he same manner as any 
other sabstam^e. When its temperature is in equilibrium with that 
of the surrounding bodies, it receives as much caloric as it parts 
with, and no change of temperature is produced. But when we 
introduce a body of a lower temperature, such as a piece of ice, 
which parts wiih less caloric than it receives, the consequence it, 
that its temperature is raised, whilst that of the surrounding bodies 
is proportionally lowered* 

Emily. If, for instance, I was to bring a large piece of ice into 
this room, tbe ice would in time be melted, by absorbing calorie 
from the general radiation which is going on throughout the room ; 
and as it would contribute very little caloric in return for what is 
absorbed, tbe room would necessarily be cooled by it. 

JUrt, B, Just so ; and as in consequence of tbe mirrors, a more 
considerable exchange of rays takes place between the ice and the 
thermometer, than between these and any of the surrounding iMid- 
ies, the temperature of the thermometer must be more lowered tnan 
that of any other adjacent object. 

Caroline, I confess I do not perfectly understand your explan- 
ation. 

Mrs, B. This experiment is exactly similar to that made with 
the heated bullet ; for, if we consider the thermometer as the hot 
bodj (which it certainly is in comparison to the ice,) jou may then 
easilv understand that it is bjr the loss of the calorific rays which 
the thermometer sends to tbe ice, and not by an^ cold rays receiv- 
ed from it, that the fall of the mercury is occasioned ; for the ice, 
for from emitting rays of cold, sends forth rays of caloric, which di- 
minish the loss sustained by the thermometer. 

Let us say, for instance, that tbe radiation of the thermometer 
towsM-ds the ice is equal to 10, and that of (he ice towards the 
thermometer to 20; the exchange in favor of the ice is as 20 is 
to 10, or the thermometer absolutely loses 10, whilst the ice gains 

CaroUtiB* But if the ice actually sends rays of caloric to the 
thermometer, must not the latter fiHX still lower when the ice is re- 
moved ? 

•Jfrf . B. No ; for tbe space which the ice occupies^ admits rays 

160. What did his experiment prove? 

161. What is probable respecting the use of the thermometer in 
this experiment, according to Mr. P/evost's theory ? 

162. What similarity is there between this experiment and that 
of the heated bullet ? 

163. Since the ice sends rays of caloric to the thermometer, will 
not the thermometer fail if the ice is removed ? 
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from all the surroundiDg^ bodies to pass through it; and those being 
of the same temperature as the thermometer, will oot a£^t it, be- 
cause as much heat now returns to the thermometer as radiates 
from it. 

Caroline, I must confess that you bare explained this in so satis- 
factory a manner, that 1 cannot help^beiog conyinced now that cold 
has no real claim to the rank of a positive being. 

Jirs. B, Before 1 conclude the subject of radiation, I must ob« 
serve to you, that different bodies (or rather surfaces,) possess the 
power of radiating caloric in very different degrees. 

Some curious experiments have been made by Mr. Leslie oa 
this subject, and it was for this purpose that he invented the differ- 
ential thermometer; with its assistance be ascertained that black 
surfaces radiate most, glass next, and polished surfaces the least of 
aJl. 

Emily* Supposing these surfaces, of course, to be all of the same 
temperature. 

Mrs. B. Undoubtedly. I will now show you the very ingen- 
ious apparatus, by means of which he made these experiments. 
This cubical tin vessel, or canister, has each of its sides externally 
covered with different materials ; the one is simply blackened ; 
the next is covered with white paper ; the third with a pane of 

flass, and in the fourth the polished tin surface remains uncovered. 
Ve shall fill this vessel with hot water, so that there can be no 
doubt but that all its sides will be of the same temperature. Now 
let us place it in the focus of one of the mirrors, makin? each of 
its sides front it in succession. We shall begin with tne black 
surface.* 

Caroline. It makes the (thermometer which is in the focus of the 
other mirror rise considerably. Let us turn the paper surface 
towards the mirror. The thermometer falls a little, therefore of 
course, this side cannot emit or radiate so much caloric as the black- 
ened side. 

Emily* This is very surprising ; for the sides are exactly of the 
same size, and must be of the same temperature. But let us try 
the glass surface. 

Mrt. B, The thermometer continues falling, and with the plain 
surface it falls still lower ; these two surfaces therefore radiate less 
and less. 

Caroline. I think I have found out the reason of this. 



my 



Mrs, B. I should be very happy to hear it, for it has not yet, (to 
y knowledge) been accounted for. 



* The radiating power of different surfaces may be shown thus. 
Take ft common half pint tin cup, scour one side bright, and paint 
or smoke the other black. Place this in the focus of the mirror, 
and the thermometer will rise or fall as its sides are changed. — C. 

164. Why will it not. ^ 

165. Do all surfaces radiate caloric in equal degrees ? 

166. What surfaces radiate most caloric, and wtiat ones least ? 
167.' What illustration is given of the different radiations of dif- 
ferent surfaces ? 

168. How it it itated in the note^that the radiating poi^erV differeni 
swfaeet may be thotm,^ 
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Caroline. The water wilbio tbe Teasel fnidatlly ooolt, aod ike 
tbermometer io consequence gradually falls. 

•/l/rf. B, 11 is true that tbe water cools, but certainly in much less 
proportion tban tbe thermometer descends, as you will perceire if 
you nowcbaogfe the tin surface for tbe black que, 

Carotine, I was mistaken, certainly, for tbe thennometer riset 
ag^in now that the black surface fronts the mirror. 

Jfr$. B. And yet tbe water in the vessel is still cooling, Caro- 
line. 

Emily. I am surprised that ihe tin surface sbcHild radiate tbe 
least caloric, for a metallic vessel filled with hot water, a silver tea- 
pot for instance, feels much hotter to the band tban one of black 
earthenware. 

Mtt, B. That is owing^ to the different power which varioos bo- 
dies possess for conduetine caloric, a property which we shall pret- 
ently examine. Thus, although a metallic vessel feels warm to 
the hand, a vessel of this kind is known to preserve tbe beat of tbe 
liquid witbin, better than one of any other materials ; it is for tbta 
reason that silver tea-pots make better tea tban those of earthen- 
ware. 

Emily. According to these experiments, light coloured dresses, 
in cold weather, should keep us warmer than black clothes, since 
tbe latter radiate so much more than the former. 

Jtfrf . B. And that is adtualiy the case. 

Eimily. This property, of different surfaces to radiate in different 
degrees, appears to me to be at variance with tbe eqailibrium of 
caloric ; since it would imply that those bodies which radiate mott 
must ultimately become coldest. 

Suppose that we were to vary this experiment, bv using two me- 
tallic vessels full of boiling water, the one blackened, tbe other not ; 
would not the black one cool tbe first? 

Caroline. True ; but when they were both brought down to tbe 
temperature of tbe room, the interchange of caloric between the 
canisters and the other bodies of tbe room being then equal, their 
temperature would be tbe same. 

Emily. I do not see why that should be the case ; for if different 
surfaces of the same temperature radiate in different degrees when 
belted, why should they not continue to do so when cooled down 
to tbe temperature of tlie room ? 

Mrs. B. You have started a difficulty, Emily, which certainly 
requires explanation. It is found by experiment, that the power 
of absorption corresponds with, and is proportional to, that of radia- 
tion : so that under equal temperatures, bodies compensate for tbe 

169. Why will a silver tea pot or any metallic vessel filled with 
hot water, feel much hotter to tbe hand than one of black earthen- 
ware ? 

170. Why will a silver tea-pot make better tea tban an earthen 
one? 

171. Why is a light coloured dress warmer tban a black one in 
winter? 

172. And why a light coloured one colder than a black in the 
summer ? 

173. What difficulty is mentioned respecting tbe above theory of 
tbe radiation of caloric? 
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greater loss they sustain in consequence of their greater radiation 
by their greater absorption ; so that if you were to make your ex- 
periment in an atmosphere heated like the canisters, to the tempe- 
rature of boiling water, though it is true that the canisters would 
radiate in different degrees, no change of temperature would be 
produced in tbem, because they would each absorb caloric in pro- 
portion to their respective radiation. 

Emili/. But would not the canisters of boiling water also absorb 
caloric in different degrees in a room of the common temperature? 

Mr». B» Undoubtedly they woyld. But the various bodies in 
the room would not, at a lower temperature, furnish either of the 
canisters with a sufficiency of caloric to compensate for the loss 
they undergo ; for, suppose a black canister to absorb 400 rays 
of caloric, whilst the metallic one absorbed only 200; yet if the 
former radiates 800, whilst the latter radiates only 400, the black 
canister will be the first cooled down to the temperature of the 
room. But from the moment the equilibrium of temperature has 
taken place, the black canister, both receiving and giving out 400 
rays, and the metallic one 200, no change of temperature will take 
place. 

Emily, I now understand it extremely well. But what becomes 
of the surplus of calorific rays, which good radiators emit, and bad 
radiators receive? they must wander about in search of a resting- 
place ! 

Mrs. B. They really do so ; for they are rejected and sent back, 
or in other words, reflected by the bodies which are bad radiators 
of caloric : and they are thus transmitted to other bodies which 
happen to lie in their way, by which tliey are either absorbed or 
again reflected, according as the property of reflection, or that of 
absorption, predominates in these bodies. 

Caroline. I do not well understand the difference between radia- 
ting and reflecting caloric, for the caloric that is reflected from a 
body, proceeds from it in straight lines, and may surely be said to 
radiate from it ? 

Mrt, B, It is true that there at first appears to be a great analo- 
gy between radiation and rejlettion^ as they equally convey the idea 
of the transmission of caloric. 

But if you consider a little, you will perceive that when a body 
radiates caloric, the heat which it emits not only proceds from, but 
has its origin in the bodv itself. Whilst when a body reflects calo- 
ric, it parts with none of its own caloric, but only reflects that which 
it receives from other bodies. 

Emily. Of this difference we have very striking examples be- 
fore us, in the tin vessel of water, and the concave mirrors ; the 
first radiates its own heat, the latter reflect the heat which thej re- 
ceive from other bodies. 

Caroline. Now that I understand the difference, it no longer 

174. If different surfaces of the same temperature radiate in dif- 
^rent degrees when heated, why do they not continue to do so when 
cooled to the temperature of the room f 

' 175. What becomes of the surplus of caloric, which good radia- 
tors emit and bad ones refuse to receive ? 

176. What is the difference between the radiation and reflection 
of caloric ? 

177. How would you illustrate this difference by example? 
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surprises me that bodies which radiate or part with their owd calor- 
ic freely, should oot have the power of transmittiDg with equal fa- 
cility that which they receive from other bodies. 

Emily- Yet no body cao be said to possess caloric of its own, if 
all caloric is originally derived from the sun. 

Mrt» B. When 1 speak of a body radiating its own caloric, I 
mean that which it has absorbed and incorporated either immedi- 
ately from the sun's rays, or through the medium of any other sub- 
stance. 

Caroline. It seems natural enough that the power of absorption 
should be in opposition to that of reflection, for the more caloric a 
body receives, the less it will reject. 

Endly, And equally so that the power of radiation should cor- 
respond with that of absorption. It is, in fact, cause and effect ; 
for a body cannot radiate heat without having previously absorbed 
it ; just as a spring that is well fed flows abundantly. 

Mrs. B, Fluids are in general very bad radiators of caloric ; and 
air neither radiates nor absorbs caloric in any sensible degree. 

We have not yet concluded our observations on free caloric.-^ 
Bat I shall defer, till our next meeting, what I have further to say 
on this subject. 1 believe it will afford us ample conversation for 
another interview. 



CONVERSATION HI. 

CONTimJATION OF THE SUBJECT. 

Mrs, B. lif our last conversation, we began to examine the ten- 
dency of caloric to restore an equilibrium of temperature. This 
property when once well understood affords the explanation of a 
g^eat variety of facts which appeared formerly unaccountable — 
You must observe, in the first place, that the effect of this tendency 
is gradually to bring all bodies that are in contact, to the same 
temperature. Thus the fire which burns in the grate, communi- 
cates its heat from one object to another, till every part of the room 
has an equal portion of it. 

EmUy, And yet this book is not so cold as the table on which it 
lies, tlwngh both are at an equal distance from the fire, and actual- 
ly in contact with each other, so that according to your theory, they 
should be exactly at the same temperature. 

Caroline. And the hearth which is much nearer the fire than the 
carpet, is certainly the colder of the two. 

Mrs. B. If you ascertain the temperature of these several bod- 

178. When we speak of a body radiating its own caloric, what 
do we mean ? 

179. What arc very bad radiators of caloric ? 

180. Has caloric any effect upon the air? 

181. What is the tendency of caloric ? 

182. Do all substances at the same temperature feel equally 
warm or cold ? 
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let bj atbermometer (whicbiift jnoch more accurate teat tfaaa 
your feeliDgOyou will find that it is exactly the same. 

Caroline. But if they are of the same temperature, why should 
the one feel colder thao the other ? 

Mrs, B. The hearth aad the table feel colder tban the carpet or 
the book, because the latter are not such good conductors of Beat 
as the former. Caloric finds a more easy passage through marble 
ud wood, tban through leather and worsted ; the two former will 
therefore absorb beat more rapidly from your hand, and coose- 
f uently give it a stronger sensation of cold than the two latter, al- 
though they are all really of the same temperature. 

Caroline. So, then, the sensation 1 feel on touching a cold body, 
is in proportion to the rapidity with which my hand yields its heat 
to that body. 

Mrt.B. Precisely; and if you lay your hand successively on 
every object in the room, you will duco?er which are good, and 
which are bad conductors of heat, by the didSerent degrees of cold 
which you feel. But in order to ascertain this point, it is necessary 
that the several substances should be of the same temperature, 
which will not be the case with those that are very near the fire, or 
those that are exposed to a current of cold air from a window or 
door. 

Emily, But what is the reason that some bodies are better con- 
ductors of heat than others ? 

Mrs. B, This is a point not well ascertained. It has been con- 
jectured that a certain union or adherence takes place between the 
caloric and the particles of the body through which it passes. If 
this adherence be strong, the body detains the heat, and parts with 
it slowly and reluctantly ; if slijp^ht, it propagates it freely and rap- 
idly. The conducting power ofa body is therefore, inversely, as 
its tendency to uoite with caloric, 

Emily. That is to say» that the best eenductors are those that 
have the least affinity for oaloric. 

Jdr$, B, Yes ; but the term affinity is objectionable in this case, 
because, as that word is used to express a chemical attraction, 
(which can be destroyed only by decomposition,) it cannot be ap- 
plicable to the slight and transient union that takes place between 
free caloric and the bodies through which it passes ; an union 
which is so weak, that it constantly yields to the tendency which 
caloric has to an equiUbrium. Now you ciearly understand, that 
the passage of caloric, through bodies that are good conductors, is 
much more rapid than through those that are bad conductors, and 
that the former both give and receive k aM»re quickly, and there- 

183. Why do they not? 

1 84. What are instances of substances of the same temperature 
pmduoing different sensations of heat and cold ? 

1^85. To what is the sensation proportional on touching one's hand 
to a cold body ? 

186. How can we ascertain which bodies are good conductors of 
beat and whicb are not f 

187. W b V are some bodies better conductors of heat than others ? 

188. Will caloric pass quickest through good or bad conduct- 
ors? 

189. Whicb gives it and receives it most readily ? 
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Atre, in a gif€0 time more abtndantlj, tbao bad ooiMtectort, wbioli 
makes tbem feel either bolter or colder, tboogb tbej may be in 
fact, botb of the tame temperature. 

Caroline. Yes, I uDderetand it now ; the table and the book lying 
' upon it, beings really of the tame temperatnre, would eaeh reoeiTe 
in the tame space of time, the tame quantity of beat from my band, 
were their conduotiog powert equal ; but at the table is the best 
<sonductor of the two it will absorb the beat from my baud more 
rapidly, and consequently produce a ttrouger tensatioD of cold than 
the book. 

-Jtfrf. B. Very well, my dear; and obterfe, likewite, that if you 
were to beat the table and the book an equal number of degrees 
above^ttie temperature of your body, the table, which before felt 
the colder, would now feel the hotter of the two ; for, as in the first 
oase it took the heat most rapidly from your band, so now it will im- 
part beat most rapidly to it. Thus the marble table, which seems 
to US colder than the mahogany one, will prore the hotter of the 
two to the ice ; for if it takes be«t more rapidly from our hands, 
which are warmer, it will giTe ont heat more rapidly to the ice, 
which is colder. Do yon understand the reason of these apparent- 
ly opposite effectt? 

Emily, Perfectly. A body whicb is a good conductor of caloric 
affords it a free passage; so that it p^etrates through that body more 
rapidly than through one which is a bad conductor ; and conse- 
quently, if it is colder than your hand, yon lose more caloric, and if it 
is hotter you gain more than a bad conductor of the same tempera- 
ture. 

Mrs, B. But you must observe^hat this ia the case only when the 
conductors are either hotter or eolder than your hand ; for, if you 
beat different conduetort to the temperatnre of your body, they wil 
all feel equally warm, since the exchange of caloric between bodies 
of tiie same temperature is equal. Now, can you tell me why flan- 
nel clothing, which is a very bad conductor of beat, prevents our 
feeling cold ? 

Caroline. It prevents the cold from penetrating. 

•IFrt. B. But you forget that cold is only a negatire <}uality. 

Caroline. True, it only prevents the heat of our bodies from es- 
caping so rapidly as it would otherwise do. 

Jtfrs.B. Now you have explained it right; the flannel rather 
keeps in the heat, than keeps out the cold. Were the atmosphere 
of a higher temperature than oar bodies, it would be equally effica- 
cious in keeping their temperature at the same degree, as it would 
prevent the free access of the external heat, by the difficulty with 
which it conducts it. « 

Emily. This, I think, is very clear. Heat, whether external or 
internal, cannot easily penetrate flannel ; therefore, in cold weather 

1 90. If we lay our hand upon a table and a book both of the same 
temperature, whv does the table produce a stronger sensation of 
cold than the book ? 

191. Under what circumstances will good and bad condtclors 
feel equally warm to our flesh ? 

192. Why does flannel clotbmg prevent ear feeling cold? 

193. Under what circumstances, or when would a flatmeLtott 
produce a contrary effect in our feelings? 

5 
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it keeps us warm, and if the weather were hotter than onr bodiety 
it would keep us cool. 

Mrs. B, The most dense bodies are, generally speaking*, the best 
conductors of heat ; probably because the denser the body the great- 
er are the number of points or particles that come in contact with 
caloric. At the common temperature of the atmosphere, a piece of 
metal will feel much colder than a piece of wood, and the latter 
than a piece of woollen cloth ; this li^in will feel colder than flan- 
nel ; and down, which is one of the lightest, is at the same time one 
of the warmest bodies.* 

Caroline, This is, I suppose, the reason that the plumage of birds 
preserves them so effectually from the influence of cold in winter H 

Mrs, B. Tes ; but though feathers in general are an excellen 
preservative against cold, down is a kind of plumage, peculiar to 
aquatic birds, and covers their chest, which is the part most ex- 
posed to the water; for though the surface of the water is not of a 
lower temperature than the atmosphere, yet it is a better conduc- 
tor of heat, it feels much colder, consequently the chest of the bird 
requires a warmer covering than any other part of its body. Be- 
sides, the breasts of aquatic birds are exposed to cold, not only from 
the temperature of the water, but also from the velocity with which 
the breast of the bird strikes agfainst it ; and likewise from the rai>- 
id evaporation occasioned in that part by the air against which it 
strikes, after it has been moistened by dipping from time to time 
into the water. 

If you hold a finger of one hand motionless in a glass of water, 
and at the same time move a finger of the other hand swiftly through 
water of the same temperature, a different sensation will be soon 
perceived in the different fingers.f ■ 

Most animal substances, especially those which Providence has 
assigned as a covering for animals, such as fur, wool, hair, skin, &c. 
are bad conductors of heat, and are, on that account, such excellent 
preservatives against the inclemency of winter, that our warmest 
apparel is made of these materials. 

* One reason why fur, down , &c. conduct heat so badly, is, that 
they contain a large quantity of air, which is a worse conductor 
than the materials themselves. — C. 

f The reason seems to be, that the finger, when it is still, warms 
the water in contact with it ; while the one that is stirring is con- 
stantly exposed to fresh applications of cold, — C. 

194. What bodies are generally considered the best conductors 
of caloric ? 

195. Why are dense bodies the best conductors ? 

196. If the surface of water is not of a lower temperature than 
the atmosphere, why does it feel colder ? 

197. Why are fur, hair, wool, and down, good preservatives 
against the inclemency of winter ? 

198. WhyaretheyhadconducUfrsofMloric? 

199. Ifyw hold tufinger oftme hand motionless in aglass (f wa- 
ter ^ and at the same time move a finger of the other hand swifUy 
through waiter of the same temperature, why is a different sensation 
jyrodueed? 
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EmUy. Wood is, I dare saj, not so gfood a conductor as metal, 
and it is for that reason, no doubt, that stlrer tea-pots bare always 
wooden handles. 

Mrs.B, Yes; and it is the facility with which metals condnct 
caloric that made yon suppose that a silrer |)ot radiated more calo- 
ric than an earthen one. The silver pot is in fact hotter to the 
hand when in contact with it ; but it is because its conducting pow- 
er more than counterbalances its deficiency in regard to radiation. 

We have obseryed that the most dense bodies are in g^neraVthe 
best conductors ; and metab you know, are of that class. Porous 
bodies, such as the earths, and wood, are worse conductors, chief- 
ly, I believe, on account of their pores being filled with air ; for air 
is a remarkably bad conductor. 

Caroline. It is a very fortunate circumstance that air should be 
a -bad conductor, as it tends to preserve the heat of the body when 
exposed to cold weather. 

Jfrs. B. It is one of the many beneyolent dispensations of Provi- 
dence, in order to soften the inclemency of the season, and to ren- 
der almost all climates habitable to man. 

In fluids of different densities, the power of conducting heat va- 
ries no less remarkably ; if you dip your hand mto this vessel full 
of mercury, you will scarcely conceive that its temperature is not 
lower than that of the atmosphere. 

Caroline. Indeed I know not how to believe it, it feels so eztreme- 
1t ^x>ld. But we may easily ascertain its true temperature by the 
thermometer. It is really not colder than the air ; the apparent 
difference then is produced merely by the difference of the condnct- 
ing power in mercury and in air. 

Jdrs. B. Yes; hence you may judge how little the sense of feel- 
ing is to be relied on as a test or the temperature of bodies, and how 
necessary a thermometer is for that purpose. 

It has mdeed been doubted whether fluids haye the power of con- 
ducting caloric in the same manner as solid bodies. Count Rum- 
ford a very few years since, attempted to prove by a variety of ex- 
periments, that fluids when at rest, were not at all endowed with 
this property. 

Caroline, How is that possible, since they are capable of impart- 
ing cold or beat to us ; for if they did not conduct heat, they would 
neither lake it from, nor give it to us ? 

JIfrs. B. Count Rumford did not mean to say that fluids would 
not communicate their heat to solid bodies; but only that heat does 
not pervade fluids, that is to say is not transmitted from one particle 
of a fluid to another, in the same manner as in solid bodies. 

Emily. But when you heat a vessel of water over the fire, if the 
particles of water do not communicate heat to each other, how does 
the water become hot throughout ? 

200. Why does a silver tea-pot feel hotter to the hand than an 
earthen one f 

201. Why are wood and earths bad conductors ot it? 

202. Have fluids of different densities the same power of conduct- 
ing caloric ? 

203. Ought the sense of feeling to be relied on as a test of the 
temperature of bodies ? Why ? 



Jlfr#. B. By constant agitation. Water, as jon hare seen, ex- 
pands bj beat, in the same manner as solid bodies ; (be beated par- 
ticles of water, tberefore, at tbe bottom of tbe vessel, bemg spe- 
cifically lighter than the rest of the liquid, and consequently ascend 
to the sur^e, where, parting with some of their heat to tbe colder 
atmosphere, they are condensed and give way to a fresh succession 
of heated particles ascending from the bottom, which, having 
thrown off their heat ajt the surface, are in their turn displaced.-^ 
Thus every particle is successively heated at the bottom, and cool- 
ed at the surface of the liquid ; but as the fire communicates heat 
more rapidly than tbe atmosphere cools the succession of surfaces, 
the whole of the liquid in lime becomes heated. 

Caroline, This accounts most ingeniously for tbe propagfation of 
beat upwards. But supposing you were to heat the upper surface 
ef a liquid, the particles being specifically lighter than those below, 
could not descend ; how therefore would the heat be communicated 
downwards? 

JIfri. B, If there were no agitation to force the heated surface 
dowBWSLrds, Count Rumford assures us that the heat would not de- 
scend. In proof of this he succeeded in making the upper surfiaice 
eC a vessel of water boil and evaporate, while a cake of ice remain- 
ed frozen at the bottom.'*' 

Caroline, That is very extraordinary indeed ! 

Mrs. B. It appears so, because we are not accustomed to heat 
liqnids by their upper surface ; but you will understand this theory 
better if I show jrou the internal motion that takes place in liquid 
when they experience a change of temperature. The motion of 
tbe liquid itself is indeed invisible from the extreme minuteness of 
its particles \ but if yon mix with it any colored dust, or powder, 
of nearly the sameapecific g^^avity as the liquid, you may judge of 
- the internal motion of the latter by that of the colored dust it con- 
taiiM.--Do ^ou seethe smalt pieces of amber moving about in the 
liquid contained in this phial ? 
Caroline* Tes, perfectly. 

Jlf r#. B. We ihall now immerse the phial in a glass of hot water, 
and the motion of the liquid will be shown by that which it comran- 
Btoates to tbe amber. 

Bknily. I see two currents, the one rising along the sides of the 
phial, the other descending in tbe centre ; but I do not understand 
the reason of this. 

* Dr. Thomson says—" All fluids, however, are capable of con- 
ducting caloric ; for when the source of heat is applied to their sur- 
face, the caloric gradually makes its way downwards, and the tem- 
perature of every stratum gradually diminishes from the surface to 
the bottom of the liquid.*'— C. 

504. How are fluids heated, when placed over the fire ? 

505. By what experiment did Count Rumford attempt to prove 
that fluids do not conduct caloric downward ? 

506. What w(u Dr. Tkomson't opinion on this suhfect ? 

207. What experiment shows the internal motion that takes 
phce in liquids when they experience a change of temperature f 



Jin.B, The hot water €ominanica(et its emiorie, tlnrmigh the 
medinm of the phial, to the particles of the (laid nearest to the glass ; 
these dilate and ascend laterally lothe sarface^ where, in partiiig 
with their heat, they are condensed, and in descendiog, form the 
central current. 

Caroline. This is indeed a rery clear and satisfactory ezperimeiit ; 
bat how much slower the currents now move than they did at first? 

Jirs. B. It is because the circulation of particles has nearly pro- 
duced an equilibrium of temperature between the liquid in the glass 
and that in the phial. 

Caroline. But these communicate laterally, and I thought that 
heat in liquids could be propagated only upwards. 

Mrs* B. You do not take notice thit the heat is imparted from 
one liquid to the other, through the medium of the phial it&elf, the 
external surface of which receives the heat from the water in the 

5 lass, whilst its internal surface transmits it to the liquid it contains. 
Tow take the phial out of the hot water, and observe the effect of 
its cooling. 

Emilys The currents are reversed ; the external current now 
descends, and the internal one rises — I guess the reason of this 
change ; the phial being in contact wiih cold air instead of hot wa- 
ter, the external particles are cooled, instead of beio^ heated ; — 
they therefore descend and force up the central particles, which, 
being warmer* are consequently lighter. 

Mrs. B. It is just so ; C ount Humford hence infers, that no alter- 
ation of temperature can take place in a fluid, without an internal 
motion of its particles ; and as this motion is produced only by the 
comparative levity of the heated particles, heat cannot be propaga- 
ted aownwards. 

Bat though I believe that Count Rumford's theory as to heat being 
ioeapable of pervading fluids is not strictly correct, yet there is, no 
doobt, much truth in his observation, that the communication is 
materially promoted by a motion of the parts ; and this accounts for 
the cold that is found to prevail at the bottum of the lakes in Swit- 
aerland, which are fed by rivers issuing A*om the snowy Alps. The 
wateroftheseriversbeingcolder, and therefore more dense than 
that of the lakes, subsides to the bottom, where it cannot be affect- 
ed by the warmer temperature of the surface; the motioir of the 
waves may communicate this temperature to some little depth, but 
it can descend no further than the agitation extends. 

Emily. But when the atmosphere is colder than the lake, the 
colder surface of the water will descend, for the very reason that 
the warmer will not. 

Jtfri B. Certainly ; and it is on this account that neither a lake, 
Dor any body of water whatever, can be frozen until every particle 

208. Why does one of the currents rise along the ^ide of the phi- 
al and the other descend in the centre, when the phial is immersed 
in hot water ? 

209. If the phial be taken out of the hot water, what will be the 
effect? 

210. What is the reason of this change ? 

211. Why does cold prevail at the bottom of the lakes in Swit- 
serland, which are fed oy the rivers issuing from the snowy Alps ? 

212 When is a lake or any coUectkm of water flrosan ? 
6* 
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of the water has risen to the surface to give off its caloric to the cold* 
er atmosphere ; therefore the deeper a body of watei^ is, the looger 
will be the time it requires to be frozen. 

Emily. But if the temperature of the whole body of water be 
brought dowo to the freeziog point, why is only the surface frozen f 

Mrs. B. The temperature of the whole body is lowered, but not 
to the freezing point. The diminution of heat, as you know, pro- 
duces a contraction in the bulk of fluids, as well as of solids. This 
effect, however, does not take place in water below the tempera- 
ture of 40 degrees, which is 8 decrees above the freezing point. At 
that temperature, therefore, the internal motion, occasioned by the 
increased specific gravity of the condensed particles ceases ; for 
when the water at the surface no longer condenses, it will no longer 
descend and leave a fresh surface exposed to the atmosphere ; this 
surface alone, therefore, will be further exposed to its severity, and 
will soon be brought down to the freezing point, when it becomes 
ice, which being a bad conductor of heat, preserves the water be- 
neath a long time, from being affected by the external cold. 

Caroline. And the sea does not freeze, I suppose, because its 
depth is so great, that a frost never lasts long enough to bring down 
the temperature of such a great body of water to 40 degrees ? 

Mrs, B, That is one reason why the sea, as a large mass of water 
does not freeze. But, independently of this, salt water does not 
freeze till it is cooled much oelow 32 degrees, and with respect to 
the law of condensation, salt water is an exception, as it condenses 
even many degrees below the freezing point. When the caloric of 
fresh water, therefore, is imprisoned bv the ice on its surface, the 
ocean still continues throwing off heat into the atmosphere, which 
is a most signal dispensation of Providence to moderate the intensi- 
ty of the cold in winter. 

Caroline. This theory of the non-conductmg power of liquids, 
does not, I suppose, hold good with respect to air, otherwise the at- 
mosphere would not be heated by the rays of the sun passing 
through it ? 

Mrs, B. Nor is it heated in that way. The pure atmosphere is a 
perfectly transparent medium, which neither radiates, absorbs, nor 
conducts caloric, but transmits the rays of the sun to us without in 
any way diminishing their intensity. The air is therefore not more 
heated, by the sun's rays passing tnrough it, than diamond, glass, 
water, or any other transparent medium.* 

Caroline, That is very extraordinary ! Are glass windows not 
heated then by the sun shining on them ? 

* To show still better that transparent media are not heated by 
the rays of the sun, throw the focus of a burning lens into a vessel 
of clear water. No effect on the temperature^ill be produced ; 
but if an opake body, as a piece of cork bff introduced under the 
focus, the water at this point instantly begins to boil. — €. 

213. Why does water first freeze at the surface f 

214. Why does not the surface of the sea freeze f 

215. What moderates the intensity of cold in winter ? 

216. Is the atmosphere heated by the rays of the sun passing 
through it ? 

217. WTuU experiment rnentiorud in the noU^pr(n)ei (hot tr(m^^ 
rent media are Hoi heated by (he rays of the eun* 
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MfM» B. No ; not if the gplasi be perfectly transparent. A most 
oonnocing proof that glass transmits the rays of the san without 
bein^;' heated by them, is afforded by the burning lens, which by con- 
rerging the rays to a focus will set combustible bodies on fire, 
without its own temperatnre being raised. 

Emily. Yet, Mrs. B., if I hold a piece of glass near the fire, it is 
almost immediately wanned by it ; the glass therefore must retain 
some of the caloric radiated by the fire. Is it that the solar rays 
alone pass freely through the glass without paying tribute.^ It seems 
unaccountable that the radiation of a common fire should ha?e 
power to do what the sun's rays cannot accomplish. 

Jlfr#. B, It is not because the rays from the fire hare more power, 
but rather because they have less, that they heat glass and other 
transparent bodies^) It is true, howeyer, that as you approach the 
source of heat the rays being nearer each other, the heat is more 
condensed, and can produce effects of which the solar rays, from 
the ^reat distance of their source, are incapable.— Thus we should 
find It impossible to roast a joint of meat by the sun's rays, though 
it is so easily done by culinary heat. Yet caloric emanated from 
burning bodies which is commonly called culinary heaty has nei!her 
the intensity nor the yelocity of solar rays. All caloric, we haye 
said, is supposed to proceed originally from the sun : but after hay- 
ing been mcorporated with terrestrial bodies, and again giyen out 
by them, though its nature is not essentially altered, it retains nei- 
ther the intensity nor the yelocity with which it first emanated from 
that luminary ; it has therefore not the power of passing through 
transparent mediums, such as glass and water, without being par- 
tially retained by those bodies. 

Emily, I recollect that in the experiment on the reflection of 
heat, the glass screen which you interposed between the burning 
taper and mirror, arrested the rays ot caloric, and suffered only 
those of light to pass through it. 

Caroline, Glass windows, then, though they cannot be heated by 
the sun shining on them, may be heatecl internally by a fire in the 
room ^ But, Mrs. B., since the atmosphere is not warmed by the 
solar rays passing through it, how does it obtain heat ? for all the 
fires tiiat are burning on the surface of the earth would contribute 
yery little towards warming it. 

Emily. The radiation of heat is not confined to burning bodies ; 
for all bodies, you know, haye that property : therefore, not only 
eyery thing upon the surface of the earth, but the earth itself, must 
radiate heat ; and this terrestrial caloric, not haying, I suppose, suf- 
ficient power to trayerse the atmosphere, communicates heat to it. 

Jdrt. B. Your inference is extremely well drawn, Emily : but the 
foundation on which it rests is not sound : for the fact is, that ter- 
restrial or culinary heat, though it cannot pass through the denser 
transparent mediums, such as glass or water, without loss, trayers- 
es the atmosphere completely ; so that all the heat which the earth 

218. What is culinary heat ? 

SI 9. Why does fire heat glass, when the sun does not ? 
220. To what experiment is allusion here made illustratiye of 
this subject .' 
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radiates, unless it meet with clouds'* or any foreign body to inter* 
cept its pasbage, passes into the distant regions of the universe. 

Caroline, What a pity that so much heat should be wasted ! 

Mrt, B, Before you are tempted to object to any law of nature^ 
reflect whether it may not prove to be one of the numberless dis- 
pensations of Providence for our good. If all the heat which the 
earth has received from the sun since the creation^ had been accu- 
mulated in it, its temperature at this time, would no doubt have 
been more elevated than any human being could have borne. 

Caroline. I spoke, indeed, very inconsiderately. But, Mrs. B» 
though the earth, at such a high temperature, might have scorched 
our feet, we should always have had a cool refreshing air to breathe, 
since the radiation of the earth does not heat the atmosphere. 

Emily, The cool air would have afforded but very insufficient 
refreshment, whilst our bodies were exposed to the burning radia- 
tion of the earth. 

Mr*. B. Nor should we have breathed a cool air; for though it is 
true that heat is not communicated to the atmosphere by radiation, 
yet the air is warmed b)r contact with heated bodies, in the same 
manner as solids or liquids. The stratum of air which is immedi- 
ately in contact with the earth is heated by it ; it becomes specific- 
ally lighter, and rises,making way for another stratum of air, which 
is m its turn heated and carried upwards ; aod thus each successive 
stratum of air is warmed by coming in contact with the earth. You 
may perceive this effect in a a sultry day« if you attentively observe 
the strata of air near the surface of the earth ; they appear in con- 
stant agitation ; for though it is true the air itself is invisible, yet the 
sun shining on the vapours floating in it, render them visible, like 
the amber dust in the water. The temperature of the surface of 
the earth is therefore the source from whence the atmosphere de- 
rives its heat, though it is coiftmuni^ated neither by radiation, nor 
transmitted from one particle of it to another by the conducting 
power ; but every particle of air must come in contact with the 
earth, in order to receive heat from it. 

Emily. Wind, then, by agitating the air, should contribute to 
cool the earth and warm the atmosphere, by bringing a more rapid 
succession of fresh strata of air in contact with the earth ? and yet 
in general wind feels cooler than still air. 

«Wri. B. Because the agitation of the air carries offbeat from the 
surface of our bodies more rapidly than still air, by occasioning a 
greater number of points of contact in a given time.. 

* Every one has observed how oppressive the heat is on a foggy, 
or cloudy day in the summer. The moisture of the fbg^ absorbs the 
heat which the earth radiates, and throws it back upon the earth 
again, and upon us.^C. 

f31. What becomes of the beat which the earth radiates ? 

2i2. What would be the effect if all the heat which the earth has 
received from the sun, since thecreatioo, had be^n accumulated in itf 

223. Why in summer, is it particularly hot id cloudy, or foggy 
weather ? 

234. How it the air heated^ if not at hoi been «au2, by the rays of 
the iunpamnff through U ? 

225. why is the wind cooling to our bodies i 
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Emily < Since it is from the earth, and not the sun. that the at- 
mosphere receives its heat, I no longer wonder that elevated re^ioof 
should be colder than plains and valleys. It was always a subject 
of astonishment to me, that in ascending a mountain and approach- 
ing the sun, the air became colder instead of bemg more beated. 

JIfri. B, At the distance of about a hundred millions of miles, 
which we are ffom the sun, the approach of a few thousand feet 
makes no sensible difference, whiht it produces a very considerable 
effect with regard to the warming of the atmosphere at the surface 
of the earth. 

Caroline. Tet as the warm air arises from the earth, and the 
cold air descends to it, I should have supposed (hat heat would have 
accumulated in the upper regions of the atmosphere^ and that we 
ibould have felt the air warmer as we ascended. 

Jlfrf. B, The atmosphere you know, diminishes in density, and 
coDsequentlv in weight, as it is more distant from the earth ; the 
warm air therefore, rises only till it meets with a stratum of air of 
its own density ; and it will not ascend into the upper regions of the 
atnnosphere until all the parts beneath have been previously heated. 
The length of summer, even in warm climates, does n- 1 heat the air 
sufficiently to melt the snow which has accumulated during the win- 



Fig. 6. 




BeiliBf water in a fluk of«r a 
Patent Lamp. 



teron very high mountains although they 
are almost constantly exposed to the heat 
of the sun^s rays, bemg too much eleva- 
ted to be often enveloped in clouds. 

Emily These explanations are very 
satisfactory ; but allow me to ask you one 
more question respecting the increased 
levity of heated liquids. You said that 
when water was heated over the fire, the 
particles at the bottom of the vessel as- 
cended as soon as heated, in consequence 
of their specific levity ; why does not the 
same effect continue when the water boil$ 
and is converted into steam ? and why 
does the steam arise tromthe surface, in- 
stead oi the bottom of the liquid ? 

Mrit, B. Tlie steam or vapour does as- 
cend from the bottom, though it seems to 
arise from the surface of the liquid- We 
shall boil some water in this Florence 
flask, (Fig. 6. ) in order that you may be 
well acquainted with the process of ebul- 
lition r you will then sqe, through the 
glass, that the vapour rises in bubbles 
from the bottom. We shall make it boil 
by means of a lamp, which is more con< 
venient for this purpose than the chim- 
ney fire. 



226. Why is it colder on high hills and mountains than it is in 
▼allies, since the former are nearer the sun than the latter, and 
since also it is the nature of the air to rise as it becomes warmed-' 

227. What illustration is mentioned to shew that the air is not 
beated bv the sun's rays passing through it ? 

228. Do^ water bgil from the top. or from the bottom of a vessel f 
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Em%. I see some small bubbles ascend, and a great many appear 
iJlorer the inside of the flask ; does the water begin to boil already? 

Jlfrt. B. No ; what you now see are bubbles of air, which were 
either dissolved in the water, or attached to the inner surface of the 
flask, and which, being rarefied by the heat, ascend in the water. 

Emily^ But the heat which rarefies the air inclosed in the water 
must rarefy the water at the same time ; therefore, if it could re- 
main stationary in the water when both were cold, I do not under- 
stand why it should not when both are equally heated. 

Mrs. B. Air being much less dense than water, is more easily 
rarefied ; the former, therefore, expands to a great extent, whilst 
the latter continues to occupy nearly the same space ; for the wa- 
ter dilates comparatively but rery little without changing its state 
and becoming vapour. Now that the water in the flask begins to 
boil, observe what large bubbles rise from the bottom of it. 

Emily, I see them perfectly ; but I wonder that they have suffi- 
cient power to force themselves through the water. 

Caroline, They must rise, you know, from their specific levity. 

Mrt. B. Tou are right, Caroline : but vapour has not in all li- 
quids (when brought to the degree of vaporization) the power of 
overcoming the pressure of the less heated surface. Metals, for in- 
stance, mercury excepted, evaporate only from the surface ; there- 
fore no vapour will ascend from them till the degree of heat which 
is necessary to form it has reached the surface ; that is to say, till 
the whole of the liquid is brought to a state of ebullition. 

Emily* I have observed that steam, immediately issuing from the 
spout of a tea-kettle, is less visible than at a further distance from 
it, yet it must be more dense when it first evaporates, than when 
it begins to diffuse itself in the air. 

Mrt. B. When the steam is first formed, it is so perfectly dissolv- 
ed by caloric, as to be invisible. In order, however, to understand 
this, it will be necessary for me to enter into some explanation re- 
specting^ the nature of solution. Solution takes place whenever a 
body is melted in a fluid. In this operation the body is reduced to 
such a minute state of division by the fluid, as to become invisible 
in it and to partake of its fluidity ; but in common solutions this 
happens without any decomposition, the body being only divided 
into its integrant particles by the fluid in which it is melted. 

Caroline. It is then a mode of destroying the attraction of aggre- 
gation. 

Mrs. B. Undoubtedly. — the two principal solvent fluids are tra- 
ier and caloric. You may have observed that if you melt salt in wa- 
ter it totally disappears, and the water remains clear and transpa- 
rent as before ; yet though the union of these bodies appears so 
perfect, it is not produced by any chemical combination ; both the 

229. What causes those burbles which ascend, and those which 
gather on the inside of a vessel when water is heating? 

230. Why is air more easily rarefied than water ? 

231. When water begins to boil why do large bubbles rise from 
tbe bottom? ^ 

232. Has vapour always the power of overcoming the pressure 
of the less heated surface ? 

233. What substances evaporate only from the surface ? 

234. When does solution take place ? 

23i. What are the two principal solvent fluids ? 
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salt and the water remain nochaDged ; and if yon vrere to separate 
them by eyaporatiog the latter, yoa would find the salt in the lame 
state as before. 

Emily- I suppose that water is a solrent for solid bodies, and ca- 
loric for liquids. ^ 

Jdrt. B. Liquids of coarse can only be concerted into raponr by 
caloric. Bui toe solvent power of this agent is not at all confined 
to that class of bodies ; a g^at variety of solid substances are dis- 
solved by heat ; thus metUs, which are insoluble in water, can be 
dissolved by intense heat, being first fused or converted into a li- 
quid and then rarefied into an invisible vapour. Many other bod- 
ies, such as salt, gums, &c. yield to either of these solvents. 

Caroline. And that, no doubt, is the reason why hot water will 
melt them so much better than cold water. 

Jdrs, B. It is so. Caloric may, indeed be considered as having 
in every instance, some share in the solution of a body by water, 
since water, however low its temperature may be always contains 
more or less caloric. 

Emily, Then, perhaps, water owes its solvent power merely lo 
the caloric contained in it. 

Jdrt.B» That, probably, would be carrying the speculation too 
(ar ; I should rather thmk that water and caloric unite their efibrts 
to dissolve a body, and that the difficulty or facility of effecting this, 
depend both on the degree of attraction of aggregation to be over- 
come, and on the arrangement of the particles which are more or 
less disponed to be divided and penetrated by the solvent. 

Emily. But have not all liquids the same solvent power as water ? 

Xr9. B. The solvent power of other liquids vanes according to 
their nature, and that of the substances submitted to their action. — 
Most of these solvents, indeed, differ essentially from water, as thev 
do not merely separate the integrant particles of the bodies which 
they dissolve, but attack their constituent principles b^ the power 
of chemical attraction, thus producing a true decomposition. These 
more complicated operations we most consider in another place, 
and confine our attention at present to the solutions by water and 
caloric. 

CaroHne. But there are a variety of substances which, when dis- 
solved in water, make it thick and muddy, and destroy its transpa- 
rent. 

jKri. B. In this case it is not a solution, but simply a mixture. 
1 shall show you the difference between a solution and a mixture, 
by patting some common salt into one glass of water, and some 
powder of chalk into another ; both these substances are white, but 
their effect on the water will be very different. 

Goro/tne. Very different, indeed! The salt entirely disappears 

236. After salt has been dissolved in water, can they be separa- 
ted so as to have the salt in the same state, as before it was dissolved? 
By what means? 

237. Has caloric any influence in the solution of a body by water? 

238. On what does the difficulty or facility of dissolving bodies 
depend? 

239. Have all liquids the same solvcfnt power as water? 

240. How do these solvents differ from water? 

241. What is the difference between a solution and a mixture? 
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and leave the water transparent, whilst the chalk chang;e8 it into an 
opaque liquid like milk. 

Emily. And would lumps of chalk and salt produce similar ef- 
fects on water ? 

J\lrs. B. Yes, but not so rapidly : salt is, indeed, soon melted, 
though in a lump : but chalk, which does not mix so readily with 
water would require a much greater length of time ; I therefore 
preferred showing you the experiment with both substances redu- 
ced to powder, which does not in any respect alter their nature, 
but facilitates the operation merely by presenting a greater quan- 
tity of surface to the water. 

I must not forget to mention a very curious circumstance res- 
pe<iting solution, which is, that a fluid is not nearly so much in- 
creased in bulk by holding a body in solution^ as it would be, by 
mere mixture with the body. 

Caroline. How is that possible ? for two bodies cannot exist to- 
gether in the same space. 

Jkfrt . B, Two bodies may, by condensation, occupy less space 
when in union than when separate, and this 1 can show yon by an 
easy experiment. 

This phial which contaiDS some salt, I shall fill with water, pour- 
ing it in quickly, so as not to dissolve much of the salt ; and when 
it is quite full I cork it. If 1 now shake the phial till the salt is dis- 
solve, you will observe that it is longer full. 

Caroline, I shall try to add a little more salt. But now you see 
Mrs. B. the water runs over. 

Jifr«. B, Yes ; but observe that the last quantity of salt you put 
in remains solid at the bottom and displaces the water ; for it has 
already melted all the salt it is capable of holding in solution. This 
is called the point of saturation ; and the water in this case is said 
to be saturated with salt. 

Emily. I think I now understand the solution of a solid body by 
water perfectly ; but I have not so clear an idea of the solution of a 
liquid by caloric. 

Mrs, B, It is probably of a similar nature ; but as caloric is ad 
invisible fluid, its action as a solvent is not so obvious as that of wa- 
ter. Caloric, we may conceive, dissolves water and converts it in- 
to vapour by the same process as water dissolves salt ; that is to say, 
the particles of water are so minutely divided by the caloric as to 
become invisible. Thus, you are now enabled to understand why 
the vai)our of boiling water, when it first issues from the spout of a 
kettle is invisible; it is so, because it is then completely dissolv- 
ed by caloric. But the air with which it comes m contact, being 
much colder than the vapour, the latter yields to it a quantity of 
its caloric. The particles of rapour being thus in a good measure 
deprived of their solvent, gradually collect, and become visible in 
the form of steam, which is water in a state of imperfect solution; 
and if you were further to deprive it of its caloric, it would return 
to its original liquid state. 

242. Are fluids equally increased in bulk by the solution and the 
mixture of a solid? 

243. What experiment proves that they are not? 

244. When is a solvent saturated ? 

245. Why is vapour less visible on first rising from a liquid, than 
after having ascended a distance from it ? 
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' CaroHnfi. That I understand very well. Tf you bold a gold plate 
over a tea-urn, the steam issuing from it will be immediately con- 
verted into drops of water by parting with its caloric to the plate; 
but in what state is the steam when it becomes invisible by being 
diffused in the air ? 
• Mrs* B, It is not merely diffused, but is again dissolved bv the air. 

Emily, The air, then, has a solvent power, like water and caloric. 

Mrs, B, This was formerly believed to be the case. But it ap- 
pears from more recent enquiries that the solvent power of the at- 
mosphere depends solely upon the caloric contained m it. Sometimes 
the watery vapour diffused in the atmosphere is but imperfectly dis- 
solved, as is the case in the formation of clouds and fog^ ; but if it 
gels into a region sufficiently warm, it becomes perfectly invisible. 

Emily. Can any water be dissolved in tlie atmosphere without 
having been previously converted into vapour by boiling ? 

J\ir». B, Unquestionably : and this constitutes the difference be- 
tween vaporization and evaporation. Water, when heated to the 
boiling p|oint, can no longer exist in the form of water, and must 
necessarily be converted into vapour or steam, whatever may be 
the state and temperature of the surrounding medium ; this is called 
vaporization. But the atmosphere, by means of the caloric it con- 
tains, can take up a certain portion of water at any temperature, 
and bold it in a state of solution. This is simply evaporation. Thus 
the atmosphere is continually carrying off moisture from the sur- 
face of the earth, until it is saturated with it. 
. Caroline, This is the case, no doubt, when we feel the atmos- 
phere damp. 

J^rs. B. On the contrary, when the moisture is well dissolved it 
occasions no humidity ; it is only when in a state of imperfect solu- 
tion and floating in the atmosphere, in the form of watery vapour, 
that it produces dampness. This happens more frequently in win- 
ter than in summer ; for the lower the temperature of the atmos- 
phere, the less water it can dissolve ; and in reality it never con- 
tains so much moisture as in a dry, hot, summer's day. 

Caroline. You astonish me; but why, then, is the air so dry in 
frosty weather, when its temperature is at the lowest ? 

Emily. This, 1 conjecture, proceeds not so much from the mois- 
ture beins^ dissolved, as from its being frozen ;* is not that the case ? 

Mrs* B, it is ; and the freezing of the watery vapour which the 

* in cold climates, where there is not a cloud to be seen, and the 
sun rises in all his glory, the air is sometimes full of little particles 
of ice glistening in every direction, and forming a most beautiful 
spectacle. This is owing^ to the condensation, and freezing of the 
particles of water in the air, by the intense cold. — C. 

246. Upon what does the solvent power of the atmosphere depend ? 

247. What causes fogs ? 

248. What is the difference between vaporation and evaporizationf 

249. Why does the atmosphere sometimes feel damp ? V 

250. When does the atmosphere contain most moisture, in Wm- 
mer or winter } 

251 . Why is the air so dry in frosty weather ? 
'S52. How is fro|t produced ? 

6 
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atmospherio heat could not dtssoWe, produoet what ii cal)^ a hoar 
frost; for the particles descend in freezing, and attach themselrea^ 
to whatever they meet with on the surface of the earth. 

The tendency of free caloric to an equilibrium, together with its 
solvent power, are likewise connected with the phenomena of rain» 
of dew, &c. When most air of a certain temperature happens to 
pass through a cold region of the atmosphere, it parts with a por- 
tion of its heat to the surrounding air ; the quality of caloric, there-* 
fore, which served to keep the water in a state of vapour, being di- 
minished, the watery particles approach each other, and formthem- 
selves into drops of water, which, being heavier than the atmosphere 
descend to the earth. There are also other circumstances, and par- 
ticularly the variation in the weight of the atmosphere, the changes 
which take place in its electrical state, &;c. which may contribute 
to the formation of rain. This, however, is an intricate subject, 
into which we cannot more fully enter at present. 

Emily. In what manner do you account for the formation of dew f * 

Mrs. B. Dew is a deposition of watery particles or minute drops 
from the atmosphere, precipitated by the coolness of the evening. 

Caroline. This precipitation is owing, 1 suppose, to the cooling 
of the atmosphere, which prevents its retaining so great a quantity 
of watery vapour in solution as during the heat of the day. 

J\Ir8. jB. Such was, from time immemorial, the generally received 
opinion respecting the cause of dew ; but it has been very recently 

§ roved by a course of ingenious experiments of Dr. Wells, that the 
epositioo of dew is produced by the cooUng of the surface of the 
earth, which be has shown to take place previously to the cooling 
of the atmosphere ; for on examining the temperature of a plot of 
grass just before the dew-fall, he found that it was considerably- 
colder than the air a few feet above it, from which the dew was 
shortly after precipitated. 

Emily. But why should the earth cool in the evening sooner than 
the atmosphere f 

Mrs, B. Because it parts with its heat more readily than the air ; 
the earth is an excellent radiator of caloric, whilst the atmosphere 
does not possess that property, at least in any sensible degree. To- 
wards evening, therefore, when the solar heat declines, and when 
after sun set it entirely ceases, the earth rapidly cools by radiating 
beat towards the skies ; whilst the air has no means of parting with 
its heat but by coming in contact with the cooled surface of the 
earth, to which it. communicates its caloric. Its solvent power be- 
ing thus reduced, it is unable to retain so larg^ a portion of watery 
rapour, and deposits those pearly drops which we call dew. 

Kmily. If this be the cause of dew, we need not be apprehensive' 
of receiving any injury from it; for it can be deposited only on sur- 
faces that are colder than the atmosphere,. which is never the case- 
with our bodies. 

Jlfr«. B. Very true ; yet I would not advise you for this reason to 

253. How is rain formed ? 

254. In what manner do you-aecount for the formation of dev? 

255. To what is the precipitation owing that takes plaoe io the! 
production of dew f < 

256. Why does the earth cool sooner in the erenittg than thaet* 
mosphere ? 

257. What ill effecU may result^rom dew to health*^ 



•mn oALoitic. 68 

be too coAfident of esoapin^ aU the ill effects which maf trise from 
exposure to the dew ; for it maj he deposited on your clothes, and 
chill you afteiwards hy its evaporation from them. Besides, when- 
ever the dew is copious, there is a chill in the atmosphere which it 
not always safe to encounter. 

Caroline* Wind, then, should promote the deposition of^ew, bv 
bring^ng^ a more rapid succession of particles of air in contact with 
the earth, just as -it promotes (he cooling^ of the earth and warming^ 
of the atmosphere during' the heat of the day ? 

JIfri. B. This may be the case in some degree, provided the agi- 
tation of the air be not considerable; for when the wind is stronr, 
it is found that less dew is deposited than in calm weather, especial- 
ly if the atmosphere be loaded with clouds. These accumulations 
of moisture not only prevent the free radiation of the earth towards 
the upper regions, but themselves radiate towards the earth ; for 
which reasons much less dew is formed than on fine clear nights 
when the radiation of the earth passes without obstacle through the 
atmosphere to the distant regions of space, whence it receives no 
caloric in exchange. The dew continues to be deposited during the 
night, and is generally the most abundant towards morning when 
the contrast between the temperature of the earth, and that of the 
air is greatest. After sunrise the equilibrium of temperature be- 
tween those two bodies is gradually restored by the solar rays pass- 
ing freely through the atmosphere to the earth ; and later in the 
morning the temperature of the earth gains the ascendancyr and 
•gives out caloric to the air by contact, in the same manner as it re- 
ceives it from the air during the night. 

Can 3rou tell me, now, why a bottle of wine taken fresh from the 
eellar (^in. summer particularly,} will soon be covered with dew ; 
and even the glasses into whicn the wine is poured will be mois- 
tened with a similar vapour f 

Emily. The bottle being colder than the surrounding air, must 
absorb calorie from it ; the moisture, therefore, which that air con- 
tained, becomes visible, and forms the dew which is deposited on 
the bottle. 

J^rs. B. Very well, Emily. Now, Caroline, can you inform roe 
why, in a warm room or close carriage, the contrary effect takes 
place ; that is to say, that the inside of the windows is covered wi^ 
vapour ? 

Caroline. I have heard that it proceeds from the breath of those 
within the room or the carriage; and I suppose it is occasioned by 
the windows wbi);^h, being colder than the oreath, deprive it of part 
of its caloric, and by this means convert it into watery vapour. 

J(fr«. B. You have both explained it extremely well, feodiet at- 

258. When does wind promote the deposition of dew ? 

259. Why does more dew accumulate in a clear night than when 
it is cloudy ? 

260. When is the dew most abundant, and why is it then most 
abundant ? 

^61. Why is a tumbler or bottle filled with cold water covered 
with moisture in a warm day ? 

262. Why in a warm room or in a close carriage does moisture 
collect on the inside of the windows ? 

263. Why does less dew colleot on rocks and sands, than on grass 
and vegetables ? 
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traot dew in proportion as tbe^r are ^ood radiators of caloric, as it is 
this qaality which reduces their temperature below that of the at- 
mosphere ; hence we find that little or no dew is deposited on 
rocks, sand, or water; v^hiie grass and liv^ing' vegetables, to which 
it is so highly beneficial, attract it in abundance — another remark- 
able instance of the wise and bountiful dispensations of Providence. 

Emily, And we may again observe it in the abundance of dew in 
summer, and in hot climates, when its cooling eflfects are so much 
required ; but I do not understand what natural cause increases 
the dew in hot weather ? 

Mrs, B. The more caloric the earth receives during the day, the 
more it wili radiate afterwards, and consequently the more rapidly 
its temperature will be reduced in the evening, in comparison to ^ 
that of the atmosphere. In the West Indies especially, where the^ 
intense heat of the day is strongly contrasted with the coolness of 
the evening, the dew is prodigiously abundant. During a drought, 
the dew is less plentiful, as the earth is not sufficiently supplied 
with moisture to be able to saturate the atmosphere. 

Caroline, I have often observed, Mrs. B., that when I walk out 
in frosty weather, with a veil over my face, my breath freezes upon 
it. Pray what is the reason of that ? 

Mrs. B. It is because the cold air immediately seizes on the calo- 
ric of your 'breath, and, by robbing it of its solvent, reduces it to a 
denser fluid, which is the watery vapour that settles on your veil, 
and there it continues parting with its caloric till it is brought down 
to the temperature of the atmosphere, and assumes-the form of ice. 

You may, perhaps, have observed that the breath of animals, or 
rather the moisture contained in it, is visible in damp weather, or 
during a frost. In the former case, the atmosphere being oversata- 
rated with moisture, can dissolve no more. In the latter, the cold 
condenses it into visible vapour; and for the same reason the steam 
arising from water that is warmer than the atmosphere, becomes 
visible. Have you never taken notice of the vapour rising from 
your hands after having dipped them into warm water .^ 

Caroline, Frequently, especially in frosty weather. 

Mrs, B. We have already ol>served that pressure is an obstacle 
to evaporation: there arc liquids|which contain so great a quantity 
of caloric, and whose particles consequently adhere so slightly to- 
gether, that they may be rapidly converted into vapour without any 
elevation of terfiperature, merely by taking off the weight of the at- 
mosphere. In such liquids you perceive, it is the pressure of the 
atmosphere alone that connects their particles, and keeps them in 
a liquid state. 

Caroline, I do not well understand why the particles of such flu- 
ids should be disunited and converted into vapour, without any el- 
evation of temperature, in spite of the attraction of cohesion. 

Mrs, B, It is because the degree of heat at which we usually 

264. Why does more dew collect in summer and in cold climates, 
han in winter and warm climates? 

265. Why is there a small quantity of dew in a time of drought ^ 

266. Why is the moisture contained in the breath of animals ii- 
sible in damp weather, or during a frost.' 

267. How are ce!*tain liquids, which contain a great degree of ca- 
;oric, converted into vapour, without any increase of temperature? 
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observe UMse fluids ie sufficient to eyereome their attraction of co- 
besioo. Etbep is of this description ; it will boil and be converted 
into vapour, at the comnion temperatare of the air, if the pressure 
of the atmosphere be taken off. 

Emily • I thought that ether would evaporate without either the 
pressure of the atmosphere beings taken away, or heat applied ; and 
that it was for that reason so necessary to keep it carefully corked 
up. 

Mrs, Br It is true it wiH evaporate, but without ebullition ; what 
I am now speaking of is the vaporization of ether, or its conversion 
into vapour by boiling. I am going to show you how suddenly the 
ether in this phial will be converted into vapour, by means of the 
air pump.— Observe with what rapidity the bubbles ascend, as I 
lake off the pressure of the atmosphere. 

CaroUne, It positively boils : how sinffular, to see a liquid boil 
without heat! 5 » n 



Mrs. B. Now I 
shall place the phial 
ofetherintbis glass, 
which it nearly fills, 
so as to leave only a 
small space, which I 
fill with water ; and 
in this state I put it 
again under the re* 
ceiver.* — You will 
observe, as I ex- 
haust the air fr<Mn 
it, that whilst the 
ether boils, the wa- 
ter freezes \ 

Caroline, It is in- 
deed wonderful to 
see water freeze in 
contact with a boil- 
ing fluid ! 

Emily, I am at a 
loss to conceive how 
the ether can pass to 
the state of vapour, 
without an addition 



Fig. 7. 
Pneumatic Pump. 
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. -o- - Ether eraporated, and water froxen in the air pamp. — A 
of caloric* Does it Phial of Sther. — B. OUm Teaael coBlaiBiay water. — C. C. Thtr- 

not contain more «•««*«•. «■• >• ^ "^^"^ ^* o*" " ^ ***•'• 
caloric in a state of vapour, than in a state of liquidity? 

* Two pieces of thin glass tpbes, sealed at one end, might answer 
this purpose better. The expei;^ment, however, as here described, 
is difficult, and requires a very nice apparatus. But if, instead of 
phials or tubes, two watch glasses be used, water may be frozen al- 
most instantly in the same manner. The two glasses were placed 
over one another, with a few drops of water interposed between them, 
and the uppermost glass is filled with ether. After working th^ 

268. How can ether be made to boil without the application of 
caloric ? 

269. How is the experiment made } 

6* 
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Jdrs, B. It certainly does : for though it is the pressure of the 
atmosphere which coDdenses it into a liquid, it is by forcing out the 
caloric that belongs to it when in an aeriform state. 

Emily. You have therefore, two difficulties to explain, Mrs. EU 
First,- whence the ether obtains the caloric necessary to convert it 
Hkio vapour, when it is relieved from the pressure of the atmosphere ; 
and, secondly, what is the reason that the water in which the bot- 
tle of ether stands, is frozen ? 

Caroline. Now, 1 think I can answer both these questions. The 
ether obtains the addition of caloric required, from the water in the 
glass ; and the loss of the caloric which the latter sustains, is the oc- 
casion of its freezing. 

Mrs, B. You are perfectly right ; and if you look at the ther- 
mometer which I have placed in the water, whilst I am working 
the pump, you will see that every time bubbles of vapour are pro- 
duced, the mercury descends ; which proves that the heat of the 
water diminishes in proportion as the ether boils. 

Emily, This I understand now very well ; but if the water freezes 
in consequence of yielding its caloric to the ether, the equilibrium 
of heat must, in this case be totally destroyed. Yet you have told 
us, that the exchange of caloric between two bodies of equal tem- 
perature, was always equal; how, then, is it that the water, which 
was originally of the same temperature as the ether, gives out calo- 
ric to it, till the water is frozen and the ether made to boil .' 

Mrs. B. I suspected that you would make these objections ; and, 
in order to remove them, I enclosed two thermometers in the air- 
pump ; one of which stands in the glass of water, the other in the 
phial of ether; and you may see that the equilibrium of tempera- 
ture is not destroyed ; for as the thermometer descends in the wa- 
ter, that in the ether sinks in the same manner; so that both ther- 
mometers indicate the same temperature, though one of them is in 
a boiling, the other in a freezing liquid. 

Emily. The ether, then, becomes colder as it boils? This is so 
contrary to common experience, that I confess it astonishes me ex- 
ceedingly. 

Caroline, \\ is, indeed a most extraordinary circumstance* But 
pray how do you account for it? 

Mrs. B. I cannot satisfy your curiosity at present; for before 
we can attempt to explain this apparent paradox, it is necessary to 
become acquainted with the subject of latent heat : and that, 1 
think, we must defer till our next interview. 

Caroline. I believe, Mrs. B., that you are glad to put off the ex- 
planation ; for it must be a very difficult pQi«t to account for. 

Mrs. B. I hope, however, that I shall do it to your complete sat- 
isfaction. 
Emily. But before we part, give me leave to ask you one ques- 



270. In what stale does ether exist when the pressure of the at- 
mosphere is taken off. 

271. Why does the evaporation of ether freeze water.? 

272. What experiment is made with water and ether, and two 
thermometers ? 
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tioo. Would not water, as well as ether boil with less beat, ,if de- 
priced of the pressure of the atmosphere ? 

Mrs, B. Undoubtedly. You must always recollect that there 
are two forces to overcome, in order to make a liquid boil or evap- 
orate ; the attraction of aggregation, and the weight of the atmos- 
phere. On the summit ofa high mountain (as M . De Saussure as- 
certained on Mount Blanc,) much less heat is required to make 
water boil, than in the plain where the weight of the atmosphere is 
greater.* Indeed, if the weight of the atmosphere be entirely re- 
moved by means ofa good air pump, and if water be placed m the 
exhausted receiver, it will evaporate so fast, however cold it may 
be, as to give it the appearance of boiling from the surface. But 
ivithout the assistance of the air pump, 1 can show you a very pret- 
ty experiment, which proves the effect of the pressure of the at- 
inosphere in this respect. 

Observe that this Florence flask is about half full of water, and 
the upper half of invisible vapor, the water being in the act of 
boiling. I take it from the lamp, and cork it carefully — the water, 
you see, immediately ceases boiling. I shall now dip the flask in- 
to a basin of cold water, f 

Caroline, But look, Mrs. B. the water begins to boil again, al- 
though the cold water must rob it more and more of its caloric ! 
What can be the reason of that f 

Mrs. B, Let us examine its temperature. You see the ther- 
mometer immersed in it remains stationary at 180 degrees which is 
about 30 degrees below the boiling point. When I took the flask 
from the lamp, I observed to you that the upper part of it was filled 
with vapor; this being compelled to yield its caloric, to the cold 
water, was again condensed into water. What then filled the up- 
per part of the flask r 

Emily, Nothing ; for it was too well corked for the air to g^n 
admittance, and therefore, the upper part of the flask must be a 
vacuum. 

Mrs. B. The water below, therefore, no longer sustains the 
pressure of the atmosphere, and will consequently boil at a much 
lower temperature. Thus you see, though it had lost many degrees 
of heat, it began boiling again the instant the vacuum was formed, 
above it. The boiUng has now ceased, the temperature of the water 

* On the top of Mount Blanc, water boiled when heated only to 
188 degrees, instead of 212 degrees. 

t The same effect may be produced by wrapping a cold wet lin- 
en cloth round the upper part of the flask, in order to show you 
bow much the water cools whilst it is boiling, a thermometer grad- 
uated on the tube itself, may be introduced into the bottle through 
tbecork.—e. 

273. What two forces are to be overcome in order to make a li- 
quid boil or evaporate ^ 

274. Why does it require the application of less calorio to boil 
water on a high mountain than on low land ? 

275. What is the appearance of water when placed in an ex- 
hausted receiver } 

276. What experiment is mentioned to show how the boiling of 
liquidi is effectea by atmospherical pressure ? 
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beings still farther reduced ; if it hmd been ether instead of water, it 
would have coatioued boiling much longer, for ether boils under 
the usaal atmospheric pressure, at a temperature as low as 100 de- 
grees : and in a ?acuum it boils at almost any temperature ; but 
water being a more dense fluid, requires a more considerable quan- 
tity of caloric to make it eraporaie quickly, even when the pres- 
sure of the atmosphere is remored. 

Emily, What proportion of vapour can the atmosphere contain 
io a state of solution. 

Mr$. B. I do not know whether it has been exactly ascertained 
by experiment ; but at any rate this proportion must vary, accord- 
iog to the temperature of the atmosphere ; for the lower the tem- 
perature, the smaller must be the proportion of vapour that the at- 
mosphere can contain. 

To conclude the subject of free caloric, I should mention Ig^Uion^ 
by which is meant that emission of light which is produced in bod- 
ies at a very high temperature, and which is the effect of accumu- 
lated caloric. 

Emily. You mean, I suppose that light which is produced by a 
burning body. 

nMrt, B> No ; ignition is quite independent of combustion. — 
Clay, chalk, and indeed all incombustible substances may be made 
red hot. When a body bums, the light emitted is the effect of a 
chemical change which takes place, whilst ignition is the effect of 
caloric alone, auod no other chainge than that of temperature is pro* 
duced in the ignited body. 

All solid bodies, and most liquids, are susceptible of ignition, or 
io other words, of being heated so as to become luminous ; and it is 
remarkable that this takes place pretty nearly at the same temper- 
ature in all bodies, that is, at about 800 degrees of Fahrenheit's seal*. 
'JEmily, But how can liquids attain so high a temperature, with- 
out beios' converted into vapour ? 

Jlfri. %. By means of confinement and pressure. Water confi- 
ned in a strong iron vessel (called Papin's digester,) can have its 
temperature raised to upwards of 400 degrees. Sir James Hall has 
made some very curious experiments on the effect of heat asssisted 
by pressure ; by means of strong gun barrels he succeeded in melt- 
ing a variety of substances which were considered as infusible ; and 
it is not unlikely that, by similar methods, water itself might be 
heated to redness. 

Emily, I am surprised at that ; for I thought that the force of 
steam was such as to destroy almost all mechanical resistance. 

Mr». B, The expansive force of steam is prodi^ous ; but in or- 
der to subject water to such high temperature, it is prevented by 
confinement from being converted into steam, and the expansion of 

277. W hat proportion of vapor can ^he atmosphere contain in a 
state of solution r 

278. H hat is meant by ignition ? 

S79. How does ignition vary from combustion f 
880. Are liquids susceptible of ignition ? 

281. At what temperature does ignition take place f 

282. How can they attain so high a temperature, without being 
converted into vapour ? 

283. What experiments were made by Sir James Hall ? 
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heated water is comparaliTely trifling. But we ba?e dwelt so loDjg^ 
on the subject of free caloric, that we must reserve the other modi- 
fications of that agent to our next meeting, when we shall endear- 
or to proceed more rapidly. 



CONVERSATION IV. 

ON COMBINED CALORIC, COMPBEHENDING SPECIFIC AND LA- 
TENT HEAT. 

Mrs. B. We are now to examine the other modifications of ca- 
loric. 

Caroline. I am very curious to know of what nature they can 
be : for I have no notion of any kind of heat that is not perceptible 
to the senses. 

Mrs. B. In order to enable you to understand them, it will be 
necessary to enter into some previous explanations. 

It has been discovered hy modern chemists, that bodies of a dif- 
ferent nature, heated to the same temperature, do not contain the 
same quantity of caloric. 

Caroline. How could that be ascertained ? Have yon not told 
us that it is impossible to discover the absolute quantity of caloric 
which bodies contain ? 

Mrsi B. True ; but at the same time I said that we were enabled 
to form a judgment of the proportion which bodies have to each oth- 
er in this respect. True, it is found that, in order to^ise the tem- 
perature of difiereot bodies the same number of degrees, different 
quantities of caloric are required for each of them. If for in- 
stance, you place a pound of lead, a pound of chalk, and a pound 
of milk, in a hot oven, they will be gradually heated to the tempe- 
rature of the oven ; but the lead will attain it first, the chalk next, 
and the milk last. 

Caroline, That is a natural consequence of their different bulks ; 
the lead being the smallest body, will be heated soonest, and the 
milk, which is the largest, will require the longest time. 

Mrs. B, That explanation will not do ; for if the lead be the 
least in bulk, it offers also the least surface to the caloric, the quan- 
tity of heat therefore, which can enter into it in the same space of 
time is proportionally smaller. 

Emily. Why, then, do not the three bodies attain the tempera- 
ture of the oven at the same time ? 

Jlfr«. B. It is supposed to be on account of the different capaci- 
ties of these bodies for caloric. 

Caroline. What do you mean by the capacity of a body for ca- 
loric ? 

284. Do bodies of a different nature heated to the same tempera- 
ture contain equal quantities of caloric ? 

285. What facts illustrative of this case mentioned of lead, chalk 
and milk ? 
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.Mrs. B* l mean a certain disposition of bodies to reqniremore or 
less caloric for raising their temperature to any degree of beat-— 
.Perhaps the fact may be thus explained : 

Let us put as many marbles into this glass as it will conf ain, and 
pour sand ov^er them — observe how the sand penetrates and lodg- 
es between them. We shall now fill another glass with pebbles 
of various forms — ^you see that they arrange themselves in a more 
compact manner than the marbles, which being globular, can touch 
each other by a single point only. The pebbles, therefore, will not 
admit so much sand between them ; and consequenlly one of these 
glasses will necessarily contain more sand than the olber, thoo^ 
both of them be equally full. 

Caroline. This I understand perfectly. The marbles and the 
pebbles represent two bodies of different kinds, and the sand, the 
caloric contained in them ; and it appears yery plain from this com- 
parison,, that one body may admit of more caloric between its par- 
ticles than another. 

Mrs, B, *You can no longer be surprised, therefore, that bodies of 
a different capacity for caloric should require different proportioQi 
of that fluid to raise their temperatures equally. 

Emily. But I do not conceive why the body that contains the 
■most caloric should not be of the highest temperature: that is to 
•say, feel hot in proportion to the quantity of oaloric it contains. 

Mrs. B. The caloric that is employed in filling the capacity of a 
•body is not free caloric ; but is imprisoned as it were, in the body, 
and is therefore, imperceptible ; for we can feel only the caloric 
which the body parts with, and not that whicb it retains. 

Caroline* It appears to me very extraordinary, that beat should 
be confined in a body in such a manner as to be imperceptible. 

Mrt.B. If you lay your hand on a hot body, you feel only the 
caloric which leaves it, and enters your band ; for it is impossible 
that you should be sensible of that which remains in the body. The 
thermometer in the same manner, is effected only by the free calor- 
ic which a body transmits to it, and not at all by that which it does 
not part with. 

Caroline, 1 begin to understand it : but I confess that the idea of 
insensible beat is so new and strange to me, that it requires some 
;time to render it familiar. 

Mn. B. Call it insensible caloric, and the difficulty will appear 
much less formidable. It is indeed a sort of contradiction to call it 
heat, when it is so situated as to be mcapable of producing that sen- 
sation. Yet this modification of caloric is commonly called specif- 
ic HEAT. 

Caroline, But it certainly would hare been more correct to have 
called it spedfic caloric, 

286. What is to.be understood by the capacity of a body forca- 
loric ? 

287. How is this fact explained ? 

288. Why do not bodies that contain most caloric feel hot in pro* 
portion to the quantity of caloric they contain ? 

289. When a body transmits caloric to a thermometer, is the 
thermometer affected by what remains in the body P 

290. What is the imperceptible heat wbich bodies contain called? 
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Mmily* I doDOt uD^erst^nd how the term Mpneifie applies to this 
tnodificatioD of caloric. 

Mrs, £. It expresses the relative <|tiaDtitj of caloric which dif- 
ferent species of bodies of the same weight and temperature are ca- 
pable of containing. This modification is also frequently called 
hetU of capacity y a terra perhaps preferable, as it explains better its 
own meaning. 

You now understand, I suppose, why the milk and chalk required 
a longer portion of time than the lead, to raise their temperature to 
that of the oven ? 

EmUy. Yes ; the milk and the chalk having a greater capacity for 
caloric than the lead, a greater proportion of that fluid became in* 
sensible in those bodies ; and the more slowly, therefore, their tem- 
perature was raised. 

Caroline. But might not this diflerence proceed from the differ- ' 
en t conducting powers of heat in these three bodies, since that 
which is the best conductor must necessarily attain the tempera- 
tare of the oven first ? 

Jirs, B. Ver^ well observed, Caroline. This objection would be 
insumioun table if we could not, by reversing the experiment, prove 
that the milk, the chalk, and the lead actually absorbed di&rent 
quantities of caloric, and we know that if the different time they 
took in heating, proceeded merely from their different conducting 
powers, they would each have acquired an equal quantity of caloric. 

Caroline. Certainly. But how can you reverse this experiment? 

Jlfr«. B. It may be done by cooling the several bodies to the 
same degree, in an apparatus adapted to receive and measure the 
caloric which they give out. Thus, if you plunge them into three 
equal quantities of water, each at the same temperature, vou will 
be able to judge of the relative quantity of caloric which the three 
bodies contained, by that, which, in cooling, they communicated to 
their respective portions of water ; for the same quantity of caloric 
which they each absorbed to raise their temperature, will abandon 
them in lowering it : and, on examining the three vesaels of water^ 
yon will find the one in which you immersed the lead to be the 
least heated ; that which held the chalk will be the next ; and that 
which contained the milk will be hieated the most of all. The cel- 
ebrated Lavoisier has invented a machine to estimate, upon this 
friociple, the specific heat of bodies in a more perfect manner ; but 
cannot explain it to you, till you are acquainted wrth the next^ 
modification of caloric. 

.E>mUy. The more dense a body is, I suppose, the less is its capa- 
city for caloric ? 

Mrs. B. This is not always the case with bodies of different na- 
ture ; iron, for instance, contains more specific heat than tin, though 
it is more dense. This seems to show that specific heat does not ' 
merely depend upon the interstices between the particles ; but 

291. Do all bodies of equal weight contain the same capacity for 
caloric f s, 

292. How is the experiment of the heated lead, chalk, and milk 
explained ? 

293. How can we ascertain the capacity of a body for calorio ? 

294. On what is the capacity of caloric chiefly depending f 
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probably, also upon some pecaliar coDstitution of the bodies, which 
we do DOt comprehend. 

Emily. But, Mrs. B. it would appear to roe more proper to com- 
pare bodies by measure, rather than by weight, in order to estimate 
their specific heat. Why, for instance should we not compare ptnit 
of milk, of chalk and of lead, rather than pouftcff of those substan- 
ces ; for equal weights may be composed of very different quanti- 
ties ? 

Mr$. B, Tou are mistaken my dear ; equal weights must contain 
equal quantities of matter ; and when we wish to Know what is the 
relative quantity of caloric, which substances of various kinds are 
capable of containing uoder the same temperature, we must com- 
pare equal weights, and not equal balks of those substances. Bod- 
ies of the same weight may undoubtedly be of very diflferent di- 
mensions ; but this does not change their real quantity of matter. 
A pound of feathers does not contain one atom more than a pound 
of lead. 

Caroline* I have another difficulty to propose. It appears to me 
that if the temperature of the three bodies in the oven did not rise 
equally, they^ would never reach the same degree, the lead would 
always keep its advantage over the chalk and milk, and would, per* 
baps, be boiling before the others had attained the temperature of 
the oven. I think you might as well say that in the course of time, 
you and 1 shall be of the same age. 

J^rt, B. Your comparison is not correct, Caroline.- As soon as 
the lead reached the temperature of the oven, it would remain sta- 
tionary ; for it would then give out as much heat as it would receive. 
You should recollect that the exchange of radiating heat, between 
two bodies of equal temperature, is equal ; it would be impossible, 
therefore, for the lead to accumulate heat after having attained the 
temperature of the oven ; and that of the chalk and milk, therefore, 
would ultimately arrive at the same standard. Now I fear that this 
will not hold good with respect to our ages, and that as long as I 
live, I shall never cease to keep my advantage over you. 

Emily. I think that I have found a comparison for specific heat, 
which is very applicable. Suppose that two men of eoual weight 
and bulk, but who require different quantities of fooa to satisfy 
their appetites, sit down to dinner, both equally hungry ; the one 
would consume a much greater quantity of provisions than the oth- 
er, in order to be equally satisfied. 

J^rt. B. Yes, that is very fair ; for the quantity of food necessa- 
ry to satisfy their respective appetites, varies in the same manner 
as the quantity of caloric requisite, to raise equally the temperature 
of different bodies. 

Emily. The thermometer then, affords no indication of the spe- 
cific heat of bodies. 

Mrs. B. None at all ; do more than satiety is a test of the qaao- 
tity of food eaten. The thermometer, as 1 have repeatedly said, can 

295. Why are not bodies compared by measure rather than 
weight to estimate their specific heat .' 

S96. Ifdifferentbodieshavedifferent capacities for caloric, wbj . 
do ihey not rise to different temperatures in the same atmosphere f 

297. Does the thermometer afford any indication of the specific 
beat of bodies? 
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be affected only bj free caloric which aloDe raises the temperature 
of bodies. 

But there is another mode of proving the existence of specific beat, 
which affords a very satisfactory illustration of that modification.— 
This, however, I did not enlarge upon before, as ( thought it mig:ht 
appear to you rather complicated. If you mix two fluids of different 
temperatures, let us say the one at 50 degrees, and the other at 100 
degrees, of what temperature do you suppose the mixture will be ? 
Jjaroline. It will be, no doubt, the medium between the two, 
that is to say, 75 degrees. 

Jklrs* B. That will be the case if the two bodies happen to have 
the 8ame capacity for caloric ; but if not, a different result will be 
obtain^. Thus for instance, if you mix together a pound of mercu- 
TT, heated at 50 degrees, and a pound of water heated at 100 degrees, 
(be temperature of the mixture, instead of beinf 75 degrees will be 
80 degrees ; so that the water will have lost only 12 degrees, whilst 
the mercury will have gained 38 degrees ; from 'which you will con- 
clude that the capacity of mercury for heat is less that that of water. 
Caroline* , I wonder that the mercury should have so little spe- 
cific heat. Did we not see it was a much better conductor of heat 
than water ? 

Jtfrs. B. And it is precisely on that account that its specific heat 
is less. For since the conductive power of bodies depends, as we 
have observed before, on their readiness to receive heat and part 
with it, it is natural to expect that those bodies which are tlie worst 
conductors should absorb the most caloric before they are disposed 
to part with it to other bodies. But let us now proceed to latent heal. 
Caroline. And pray, what kind of heat is that ? 
Mr». B. It is another modification of combined caloric, which is 
so analagous to specific heat, that most chemists make no distinc- 
tion between them ; but Mr. Pictet, in his Essay on Fire, has so 
clearly discriminated them, that 1 am induced to adopt his view ot 
the subject. We therefore call latent heat that portion of insensi- 
ble caloric which is employed in changing the state of bodies ; that 
is to say, in converting solids into liqtiids, or liquids into vapour. — 
When a body changes its state from solid to liquid, or from liquid 
to Taper, its expansion occasions a sudden and^ considerable in- 
crease of capacity for heat, inconsequence of which it immediately 
absorbs a quantity of caloric, which becomes fixed in the body it 
has transformed ; and, as it is perfectly concealed from our senses, 
it has obtained the name of latent heat. 

Caroline, I think it would be much more ^correct to call this 
modification latent caloric instead of latent heat, since it does not 
excite the sensation of heat. 

Mrs, B, This modification ef heat was discovered and named by 
Dr. Black, long before the French chemists introduced the term ca- 
loric, and we must not presume to change it, ad^t is still used by much 

298. What other method is mentioned asproring the existence 
of specific heat ? 

299. What will be the result as to temperature, if meroury heat* 
edat50, and water heated at 100 degrees be mixed together? 

900. Why has mercury so little specific heat ?j 
^1. What is latetit caloric ? 

302. What does the conversion of a solid to a liquid occasion ? 
7 
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better chemists than ourselves. Besides, you are not to suppose 
that the nature of heat is altered by being variously modified : ror if 
latent heat and specific heat do not excite the same sensations ai 
free caloric, it is owing to their being in a state of confinement, 
which prevents them from acting upon our organs ; and conse- 
quently, as soon as they are extricated from the body in which 
they are imprisoned, they return to their state of free caloric. 

Emily. But I do not yet clearly see in what respect latent beat 
differs from soecific heat ; for they are both of them imprisoned 
and concealea in bodies. 

J^r». B. Specific heat is that which is employed in filling the 
capacity of a body for caloric, in the state in which this bodyacto- 
aliy exists ; while latent heat is that which is employed only in af- 
fecting a change of state, that is in converting bodies from a solid 
to a liquid, or from a liquid to an aeriform state. But I think, 
that in a general point of view, both these modifications might be 
comprehended under the name of heat of capacity^ as in both cases 
the caloric is equally engaged in filling the capacity of bodies. 

I shall now snow ^ ou an experiment, which I hope will give yea 
a clear idea of what is understood by latent heat. 

The snow which you see in this phial has been cooled by certain 
chemical means, (which I cannot well explain to you at present,) 
to five or six degrees below the freezing point, as you will find in- 
dicated by the thermometer which is placed in it. We shall ex- 
pose it to the heat of a lamp, and you will see the thermometer 
gradually rise, till it reaches the freezing point. 

Emily. But there it stops, Mrs. B. and yet the lamp bums just 
as well as before. Why is not its beat communicated to the ther- 
mometer ? 

Caroline. And the snow begins to melt ; therefore it must be ri- 
sing above the freezing point. 

Mrs. B. The heat no longer affects the thermometer, because it 
is wholly employed in converting the ice into water. As the ice 
melts, the caloric becomes latent in the new formed liquid, and 
therefore cannot raise its temperature ; and the thermometer will 
consequently remain stationary, till the whole of the ice be melted. 

Caroline. Because the conversion of the ice into water being 
completed, the caloric po longer becomes latent; and therefore the 
heat which the water now receives raises its temperature, as you 
find the thermometer indicates. 

Emily. But I do not think that the thermometer rises so quickly 
in the water as it did in the ice, previous to its beginning to melt, 
though the lamp burns equally well. 

303. What is the consequence if latent and specific heat are ex- 
tricated from the body in which they are imprisoned •' 

304. What is the difference between specinc heat and latent heat/ - 

305. By what name is it thought they ma^^ b5th be called ? 
306a. Why does not the thermometer rise in in a warm room 

when its bulb is in « piece of ice ? 

306. In what experiment may be seen the existence of latent 
heat ? 

307. Why does the thermometer begin to rise as soon as the ice 
is mdted ? 
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Jirt. B* That is owing to the different specific heat of ice and 
water. The capacity of water for caloric being greater than that 
of ice, more heat is required to raise its temperature, and therefore 
the thermometer rises slower in the water than it did in the ice. 

Emily. True ; jou said that a solid bod;^ always increased its ca- 
pacity for heat by becoming fluid, and this is an instance of it. 

Mrs, B, Yes ; and the latent heat is that which is absorbed in 
consequence of the greater capacity which the water has for heat, 
in comparison to ice. 

1 must now tell yon a curious calculation founded on tliat consi- 
deration. I hare before observed to you that though the thermo- 
meter shows us the comparative warmth of bodies, and enables us 
to determine the same |X)int at different times and places, it g^ves 
us no idea of the absolute quantity of heat in anv body. We cannot 
iell how low it ought to fan by the privation of all heat, but an at- 
tempt has been made to infer it in the following manner. It hai 
been found by experiment, that the capacity of water for heat, 
when compared with that of ice, is as 10 to 9 ; so that, at the same 
temperature, ice contains one tenth of caloric less than water. Bj 
experiment, also, it is observed, that in order to melt ice^ there must 
be added to it as much heat as would, if it did not melt it, raise its 
temperature 140 degrees.* This quantity of heat is, therefore, ab- 
sorbed, when the ice, by being converted into water, is made to 
contain one ninth more caloric than it did before. Therefore 140 
d^ees is a ninth part of the heat contained in ice at 30 degrees ; 
and the point of zero, or the absolute privation of heat, must conse- 
quently be 1260 degrees below 32 degrees. f 

This mode of investigating so curious a question is ingenious, bnt 
its correctness is not yet established by similar calculations for other 
bodies. The points ofabsolutecold, indicated hj this method in ra- 
riouB bodies, are ver^ remote from each other ; it is however, possi- 
ble, that this may arise from some imperfection in the experiments. 

Caroline. It is indeed very ingenious — but we must now attend 
to our present experiment. The water begins to boil, and the 
^ermometer is again stationarjr. 

Jtfrf. B. Well, Caroline, it is your turn to explain the phenome- 
non. 



'*^ That is, water contains 140 degrees of heat more than is indi- 
cated by the thermometer.— C. 

t This calculation was made by Dr. Irvine. Dr. Crawford af- 
terwards placed the real zero at 1500 degrees below the of Fah- 
reobeit Still later, Mr. Dal ton has turned his attention to the 
same subject. The mean of his experiments places the real zero 
6000 degrees below the freezing point. All this goes to show that 
very little has yet been demonstrated on this difficult question. — C. 

908. Why does the thermometer rise slower in the water than it 
did in the ice? 

309. Since a thermometer does not indicate the absolute quanti- 
ty of caloric contained in any body, what is is its use ? 

310. How much latent heat does water contain ? 

311. How much heat must be. added to ice in order to melt it f 

312. What wa» proposed by Dr. Crawford, and by Dr. DaUon, 
fu to fixing the real zero ? 
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Caroling. It is wonderfully curious ! The caloric is oovr bnsj in 
changing^ the water into steam, in which it bides itself, and becomes 
insensible. This is another example of latent beat, producing a 
chang^e of form. At first it converted a solid body ioto a liquid, 
and now it turns the liquid into vapour ! 

JUrs, B, Tou see, my dear, how easily you have become acquain- 
ted with these modifications of insensible heat, which at first ap- 
peared so unintelligible. If now, we were to reverse th^se chan- 
ges, and condense the vapour into water, and the water ioto ice, 
the latent heat would re-appear entirely, in the form of free caloric. 

Emily, Pray do let us see the effect of latent heat returning to 
its free state. 

Mrs. B. For the purpose of showing this, we need simply con- 
duct the vapour through thie tube into this vessel of cold water, 
where it will part with its latent heat and return to its liquid form. 

Emily. How rapidly the steam heats the water ! 

Jlrg, B. That is because it does not merely impart its free caloric 
to the water, but likewise its latent heat. This method of heating 
liquids, has been turned to advantage, in several economical estab- 
lishments. The steam kitchens, which are getting into such gene- 
ral use^ are upon the same principle. The steam is convened through 
a pipe in a similar manner, into the several vessels which contain 
the provisions to be dressed, where it communicates to them its lat- 
ent caloric, and returns to the state of water. Count Rumforo 
makes great use of this principle in many of his fire-places : bM 
grand maxim is to avoid all unnecessary waste of caloric, for wbicb 
purpose he confines the beat in such a manner, that not a particle of 
it shall unnecessarily escape ; and while he economises the free ca- 
loric, he takes care also to turn the latent heat to advantage, it >• 
thus that he is enabled to produce a degree of beat superior to that 
which is obtained io common fireplaces, though he employs less fuel. 

Emily. When the advantages of such contrivances are so cl^ 
mod nlam, I cannot understand why they are not universally u*^* 

JurM. B. A long time is always required before innovations, bow- 
ever useful, can be reconciled with the prejudices of the vulgar. 

Emily. What a pity it is that there should be a prejudice against 
new inventions ; how much more rapidly the world would i"*?*^^, 
if such useful discoveries were immediately and universally adopted. 

Mrs. B. I believe, my dear, that there are as many novelti^ at* 
tempted to be introduced, the adoption of which would be prejudi- 
cial to society, as there are of those which would be beneficial to it* 
The well-informed, though by no means exempt from error, have an 
unquestionable advantage over the illiterate, in judging what is like- 
ly or not to prove serviceable ; and therefore we find the former 
more ready to adopt such discoveries as promise to be really advan- 
tageous, than the latter, who, having no other test of the value of a 
novelty but time and experience, at first oppose its introduction.— 

313. What is that heat called which produces a change of foriB 
in bodies ? 
. 314. How may latent heat be converted into free caloric ? 

316. In what experiment may be seen the effect of latent neai 
retarning to its free state ? . 

316. What is the advantage of Count Rumford's improved fire- 
places ? 
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The irell informed, however, are frequeotly disappointed in their 
most sanguine expi^fations, and the prejudices of the Tulgar, 
though they often retard the progress of knowledge, yet sometimes^ 
it must be admitted, preyent the propagation of error. — But we are 
deviating from our subject. 

We have converted steam into water, and are now to change wa- 
ter into ice, in order to render the latent heat sensible, as it escapes 
from the water on its becoming solid. For this purpose we mutt 
produce a degree of cold that will make water freeze. 

Caroline. That must be very difficult to accomplish in this warm 
room. 

Mrs. B. Not so much as you think. There are certain chemical 
mixtures which produce a rapid change from the solid to the fluid 
state, or the reverse, in the substances combined, in consequence 
of which change latent heat is either extricated or absorbed. 
EmUy. I do not quite understand vou. 

JIfri. B. This snow and salt whichr you see me mix together, are 
melting rapidly ; heat therefore must be absorbed by the mixture, 
and cold produced. 

Caroline. It feels even colder than ice, and yet the snow is me^- 
iDg. This is very extraordinary. 

Mrs. B. The cause of the intense cold of the mixture is to be at- 
tributed to the change of a solid to a fluid state. The union of the 
snow and salt produces a new arrangement of their particles, in 
consequence of which they become liquid ; and the quantity of ca- 
loric required to effect this change, is seized upon by the mixture 
whenever it can be obtained. This eagerness of the mixture for 
caloric, during its liquefaction, is such that it converts part of its 
own free caloric into latent heat, and it is thus that the temperature 
is lowered. 

Emily. Whatever you put in this mixture, therefore, would 
freeze! 

Mrs. B. Yes ; at least any fluid that is susceptible of freezing at 
that temperature. I have prepared this mixture of salt and snow 
for the purpose of freezing the wateir from which you are desirous 
of seeing the latent beat escape. I have put a thermometer in the 
l^lass of water that is to be frozen, in order that you may see how 
It cools. 

Caroline. The thermometer descends, but the heat which the wa- 
ter is now losing is its free^ not its latent heat. 

Mrs. B. Certainly ; it does not part with its latent heat till it 
changes its state and is converted into ice. 

Emily. But here is a very extraordinary circumstance ! The 
thermometer has fallen below the freezing point, and yet the water 
is not frozen."* 



* To make this experiment striking, the glass containing the wa- 
ter and thermometer ought to be kept perfectly still until the mer- 
cury sinks below the freezing point. Then agitate the water, or drop 

317. How is latent heat rendered sensible? 

318. How can water be made to freeze in a warm room ? 
819. Why is a mixture of snow and salt so intensely cold ? 
320. When does water part with its latent heat .' 

7* 
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Mn, B. That is alwavt the case preyioos to the freezing^ of wa- 
ter irbeD it is io a state of rest Now it begins to coogeal, and you 
may observe that the thermometer again rises to the freezing point. 

Caroline* It appears to me very strange that the thermometer 
shoald rise the very moment that the water freezes ; for it seems to 
imply that the water was colder before it froze than when in the act 
ofireezing. 

Jtfri. B. It is so ; and after our long dissertation on this ctrcum- 
stance, I did not think it would appear so surprising to you. Re- 
flect a little, and 1 think you will discover the reason of it. 

Caroline. It must be, no doubt, the extraction of latent heat, at 
the instant the water freezes, which raises the temperature. 

Mrs, B. Certainly : and if you now examine the thermometer, 
you will find that its rise was but temporary, and lasted only da- 
ring the disengagement of the latent heat — now that all the water 
is frozen, it falls again, and' will continue to fall, till the ice and 
mixture are all of an equal temperature. 

Emily, And can you show us any experiments, in which liquids, 
by being mixed, become solid, and disengage latent heat f 

Mrs. B, I could show you several, but you are not yet sufficiently 
advanced to understand them well. 1 shall, however, try one, which 
will afford you a striking iqstance of the fact. The fluid which you 
see in this phial, consists of a quantity of a certain salt called muriat 
of lime, dissolved in water. Now, if 1 pour into it a few drops of this 
other fluid, called stdphurie acid, the whole, or very nearly the 
whole, will be instantaneously converted into a solid mass. 

Emily. How white it turns ! I feel the latent heat escaping ; for 
the bottle is warm, and the fluid is changed to a solid white sub- 
stance, like chalk !* 

Caroline. This is, indeed, the most curious experiment we have 
seen jret. But pray what is that white vapour which ascend from 
the mixture ? 

Mrs, B. Tou are not yet enough of a chemist to understand that. 
But take care, Caroline, do not approach too near it, for it has a 
very pungent smell. 

I shall show you another instance, similar to that of the water, 
which you observed to become warmer as it froze. I have in this 
phial a solution of a salt called sulphat of soda, or Glauber's salt, 
made very strong, and corked up when it was hot, and kept without 

into it a small piece of ice, and it instantly shoots into crystals, and 
the thermometer rises. — C. 

* The sulphuric acid, by its stronger affinity for the lime, takes it 
from the muriatic acid, unites with it, and forms sulphate of lime. 
The solidity is owing to the insolubility of this last substance ia 
water. The experiment succeeds well, if the water is saturated 
with the muriate.~-C. 

321. Why does water become colder before freezing than it is in 
the act of freezing I 

322. What example can you g^ve of liquids becoming solid, by 
beii^ mixed, and disengaging latent heat ? 

323. How is this effect accounted for, in the note ? 

324. What other instance of the extrication of latent heat is gir- 
en, and how is it produced ? 
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ai^tation, till it became cold, as yoa may feel the phimi is. Now 
when 1 tatke out the eork, and let the air fall upoo it, (for beinff 
closed when boiling, there was a vacoum in the upper part,) ob- 
serve that the salt will suddenly crystallize. 

Caroline, Surprising ! how beautifully the needles of salt hay* 
shot through the whole phial ! 

Mrt. B. Yes, it is very remarkable ; but pray do not forget the 
object of the experiment. Feel how warm the phial bas become 
by the conyersion of part of the liquid into a solid. 

Emily* Quite warm, I declare : this is a most curious experiment 
of the disengagement of latent heat. 

Mrs, B, Tl^ slaking of lime is another remarkable instance of 
the extrication of latent heat Haye you never observed how 
quicklime smokes, when water is poured upon it, and how much 
heat it produces ? 

Caroline, Yes ; but I do not understand what change of state 
takes place in the lime that occasions its giving out latent heat ; 
for the quick lime, which is solid, is (if I recollect right,) reduced 
to powder by this operation, and is, therefore, rather expanded than 
condensed. 

Jtfrt. B, It is from the water, not the lime, that the latent heat 
is set free. The water incorporates with, and becomes solid in the 
lime ; in consequence of which the heat, which kept it io a liquid 
state is disengaged, and escapes in a sensible form. 

Carolme. I always thought that the heat originated in the lime. 
It seems very strange that water, and cold water, too, should coa* 
tain so much heat. 

Emily. After this extrication of caloric, the water must exist in 
a state of ice in the lime, since it parts with the heat which kept it 
liquid. 

Mrs. B, \t cannot properly be called ice, since ice implies a 
degree of cold, at least equal to the freezing point. Yet, as water, 
in combining with lime, gives out more heat than in freezing, it 
must be in a state of still greater solidity io the lime than it is in the 
form of ice ; and you may have observ^ that it does not moisten or 
liquefy the lime in the smallest degree. 

Emily, But, Mrs. B. the smoke that rises is white; if itwas only 
pure caloric which escaped, we might feel, but could not see it. 

Mrs. B, This white vapor is formed by some of the particles of 
lime in a state of fine dost, which are carried off by the caloric. 

Emily, In all changes of state, then, a body either absorbs or dis- 
engages latent heat. 

Jirs, B, You cannot exactly sa^ absorbs latent heat, as the heat 
becomes latent only on being confined in the body ; but you may 
saj, generally, that bodies in passing from a solid to a liquid form, 
or from the liquid state to that of vapor, absorb heat : and that when 
the reverse takes place heat is disengaged.* 

*This rule, if not unfversal, admits of very few exceptions. 
■ ■■ ' ' ■ ' 

325. What other instance is mentioned of the extrksation of latent 
beat? 

326. Whence proceeds the heat in the slaking of lime? 

S27. Why is the smoke that rises in the alaking of lime, white ? 
328. When do bodies absorb heat ? 
When is heat disengaged ? 
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Emily. We cao now, 1 think, accoaDt for the ether boiling^, and 
the vrater freezing^ id yacoo, at the same temperatare.f 

Jlfr«. B, Let me hear how yoa explain it. 

Emily > The latent heat which the water ^ye out to freeziog^, 
was immediately absorbed b? the ether, danns^ its coD?ersion into 
yapor ; and therefore (torn a latent state in one liquid, it passes into 
m latent state in the other. 

Jdn* B. But this only partly accounts for the result of the ex- 
periment ; it remains to be explained why the temperature of th* 
ether, while in a slate of ebullition, is brought down to the freezing^ 
temperature of water. It is because the ether, during^ its erapora* 
tion, reduces its own temperature^ in the same proportion as that 
of the water by converting its free caloric into latent heat; so that 
though one liquid boils, and the other freezes, their temperatures 
remain in a state of equilibrium. 

Emily. But why does not water, as well as ether, reduce its own 
temperature by evaporating ? 

Jurs. B, The fact is, that it does, though much less rapidly than 
ether. Thus, for instance, you may often have observed, in the heat 
ef summer, how much any particular spot may be cooled by water- 
ing, though the water used for that purpose be as warm as the air 
itself. Indeed so much cold may be produced by the mere erapora- 
tion of water, that the inhabitants of India, by availing themselves 
of the most favorable circumstances for this process which their 
warm climate can afford, namely, the cool of the night, and situations 
most exposed to the night breeze, succeed in causing water to freeze 
though the temperature of the air be as high as' 60 degrees. The 
wateris put into shallow earthen trays, so as to expose an exteustre 
surface to the process of evaporation, and in the morning, the water 
is found covered with a thin cake of ice, which is collected in suffi- 
cient quantity to be used for purposes of luxury. 

Caroline, How delicious it must be to drink liquids so cold in 
those tropical climates ! But, Mrs. B. could we not try that expe- 
riment ? 

•Afrt. B. If we were in the country, I have no doubt but that we 
should be able to freeze water, by the same means, and under sim- 
ilar circumstances. But we can do it immediately, upon a small 
scale, in this very room, in which the thermometer stands at 70 de- 
grees. For this purpose we need only place some water in a little 
cup under the receiver of the air-pump, Fig. 8, and exhaust the air 
from it. What will be the consequence, Caroline? 

Caroline. Of course the water will eraporate more quickly, since 
there will no longer be an atmospheric pressure on its surface ; 
but will this be sufficient to make the water freeze ? 
Mr», B. Probably not, because the vapor will not be carried off 

t See page 65. 



329. Why does water freeze and ether boil in racuo f 

330. Why does the ground become cooled b^ watering in sum- 
mer, though the water used be as warm as the air itself? 

331. How is Ibe often produced in India, where the temperatnra 
it not below 60deg^es ? 

832. How is water made to freeze under a glass receiTer, as il- 
lustrated in figure 8? 
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fast enough ; bat this will be accomplished wttboat difficnltj if we 
iQtrodace into the receiver, Fig. 8, in a saacer, or other large shal- 
low vessel some stroDg sulphuric acid, a substance which has a 
great attraction for water, whether in the form of yapoor or in the 
liquid state. This attraction is such that the acid will instantly ab- 
sorb the moisture as it rises from the water, so as to make room for 
Fig. 8. 




S. Th« air pump and reeeirer for Mr. Lealie'i ezperinMBt C. aaaaear with ialphtnrie aetd. 
B. ft gUn or earthen cop oootMoiof water. O. a itand for the cop with its leg* made of f laae. 
A. A. Thermometert 

the formation of fresh vapour ; this will of course hasten the pro-, 
cess, and the cold produced from the rapid evaporation of the wa- 
ter, will in a few minutes, be sufficient to freeze its surface.* We 
shall now exhaust the air from the receiver. 

Emily. Thousands of small bubbles already arise through the 
water from the internal surface of the cup i what is the reason of 
this ? 

Mrs, B. These are bubbles of air which were partly attached to 
the vessel, and partly diffused to the water itself ; and they expand 
and rise in consequence of the atmospheric pressure being removed. 

Caroline. See, Mrs. B.; the thermometer in the cup is sinking 
fast ; it has already descended to 40 degrees ! 

Emily. The water now and then violently agitated on thesnrface 
as if it were boiling ; and yet the thermometer is descending fast ! 

Jlfr«. B. You may call it boiling if } ou please, for this appear- 
anceis, as well as boiling, owing to the rapid formation of vapour ; 
but here, as you have just observed, it takes place from the surface, 
for it is only when heat is applied to the bottom of the vessel that the 
vapor is formed there. — Now crystals of ice are actually shooting 
all over the surface of the water. 

* This experiment was first devised by Mr. Leslie, and has since 
been modified in a variety of forms. 

333. When the air is exhausted from the receiver, why do bub- 
bles rise through the water from the internal surface of tbe cup ? 

334. Why does the water appear as if boiling ? 
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Caroline, How beautiful it is ! The surface is now eotirely fro- 
zen — but the thermonieter remains at 32 degrees. 

Jifrs. B. And so it will, conformably with our doctrine of latent 
heat, until the whole of the water be frozen ; but it will then again 
begin to descend lower and lower, in consequence of the evapora- 
tion which goes on from the surface of the ice. 

Emily, This is a most interesting experiment; butitwoaldbe 
still more striking if no sulphuric acid were required. 

JUrs, B. 1 will shew you a freezing instrument, contrived by Dr. 
WoUastoo, upon the same principle as Mr. Leslie's experiment, by 
which water maiy be frozen by its own evaporation alone, without 
the assistance of'^sulphuric acid. 

Fig. 9. 

Dr, WoUattoa'i Crjophoroi. 

This tube, which as you 
•ee is terminated at each r^ 
extremity by a bulb, one/S 
of which is half full of wa-HV 
ter, is internally, perfectly 
exhausted of air ; the consequence of this is, that the water in the 
bulb, is always much disposed to evaporate. This evaporation, how- 
ever, does not proceed sufficiently fast to freeze the water ; but if 
the empty ball be cooled by some artificial means, so as to condense 

auickly the vapour which rises from the water, the process may be 
lus so much promoted as to cause the water to freeze in the other 
ball. Dr. Wollaston has called this instrument Cryophorui. 

Caroline. So that cold "*~ "^ 

•eems to perfbrm here 
the samo part which the 
•ulphuric acid acted in 
Mr. Leslie's experi- 
ment ? 

Jlfr#. B, Exactly so ; 
but let us try the ex- 
periment. 

Emily, How will you 
jcool the instrument f 
Tott have neither ice 
nor snow. 

Mrs. B. True ; but 
we have other means of 
effecting this.* You re - 
collect what an intense 
cold can be produced 
by the evaporation of e- 
Iher in an exhausted re- 
ceiver. We shall ia- 




(Vig. 16.) Dr. Marcet*! mod* of uiaf !th« Crjepii* • 
■. Mo. 1, and 3, tht different parte of Mo. 3, 
•eeA Mparate. 



* This mode of making the experiment was proposed, and the 
particulars detailed, by Dr. Marcet, in the 34th vol. of Nicholson's 
Journal, p. 119. 

335. How long in this experiment will the thermometer remain 
at 32 degrees, or at the freezing point f 

336. Why will it begin and continue to descend as soon as all the 
water is frozen f 337. What is the object of figpires 1 , 2, and 3 ? 
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dose the bulb in this little bag of fine flaonel, (Fig. 1.) then soak 
it in ethor, and introduce it into the receiver of the air-pump. (Fig. 
3.) For this purpose we shall find it more convenient to use a cryo- 
phoros of this shape, (Fig. 2.) as its elongated bulb passes easily 
through a brass plate which closes the top of the receiver. If we 
now exhaust the receiver quickly, you will see in less than a min- 
ute, the water freeze in the other bulb out of the receiver. 

Emily. The bulb already looks quite dim, and small drops of wa- 
ter are condensing on its surface. 

Caroline. And now crystals of ice shoot all over the water. This 
is, indeed^ a very curious experiment ! 

Mrs. B. You will see, some other day, that, by a similar method, 
even quicksilver may be frozen. But we cannot at present indulge 
in any further digression. 

Having advanced so far on the subject of heat, I may now give 
yon an account of the calorimeter, an instrument invented by La- 
voisier, upon the principles just explained, for the purpose of esti- 
mating the specific heat of bodies. It consists of a vessel, the inner 
surface of which is lined with ice, so as to form a sort of hollow globe 
of ice, in the midst of which the body, whose specific heat is to be 
ascertained, is placed. The ice absorbs caloric from this body, till 
it has' brought it down to the freezing point; this caloric converts 
into water a certain portion of ice which runs out through an apei^ 
ture at the bottom of the machine; and the quantity of ice changed 
to water is a test of the quantity of caloric which the body has given 
out in descending from a certain temperature to the freezing point. 

Caroline. In this apparatus, I suppose, the milk, chalk, and lead, 
would melt different quantites of ice, in proportion to their differ- 
ent capacities for caloric. 

Mrs. B. Certainly ; and thence we are able to ascertain, with 
precision, their respective capacities for heat. But the calorimeter 
affords us no more idea of the absolute quantity of heat contained 
in a body, than the thermometer; for though by means of it we 
extricale both the free and , combined caloric, yet we extricate 
them only to a certain degree, which is the freezing point ; and we 
know not how much they contain of either below that point. 

Eimily. According to the theory of latent heat, it appears to me 
that the weather should be warm when it freezes, and cold in a thaw; 
for latent heat is liberated from every substance that it freezes, and 
•iich a larg^ supply of heat must warm the atmosphere; whilst du- 
ring a thaw, that very quantity of free heat must be taken from the 
atrooephere and return to a latent state in the bodies which it thaws. 

Mrs. B. Tour observation is very natural ; but consider that in 
a finott the atmosphere is so much colder than the earth, that all the 
caloric which it takes from the freezing bodies, is insufficient to raise 
its temperature above the freezing pomt; otherwise the frost must 
cease. But if the quantity of latent neat extricated does not destroy 
tbefrott, it serves to moderate the suddenness of the change of tem. 

338. Can quicksilver be frozen ? 

S39. What is the calorimeter, and what ii its use ? 

340. Of what does it consist ? 

341. Does the calorimeter indicate the absolute quantity of heat 
eontained in a body? 

342. What effect is produced on the temperature of the atmos- 
phere» by the attraction of latent heat from the winter frosts? 
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peratare of the atmosphere, at the commencement both of frost and 
of a thaw. In the first instance, its ezlrication diminishes the sever- 
ity of the cold ; and in the latter, its absorption moderates the 
warmth occasioned by a thaw ; it even sometimes produces a dis- 
cernible chill, at the breaking up of frost. 

Carohne, But what are the general causes that produce those 
sadden changes in the weather, especially from hot to cold, which 
we often experience? 

Jtfr#. jB. This question would lead us into metorological discus- 
sions, to which I am by no means competent. One circumstance, 
however, we can easily understand. When the air has passed over 
cold countries, it will probably arrive here at the temperature much 
below our own, and then it must absorb heat from every object it 
meets with, which will produce a general fall of temperature. 

Caroline* But pray, now that we know so much of the effects of 
heat, will you inform us whether it is really a distioct body, or, as 1 
have heard, a peculiar kind of motion produced in bodies r 

J^rs. B, As I have before told you, there is yet much uncertain- 
ty as to the nature of these subtle agents. But I am inclined to 
consider heat not as mere motion, but as a separate substance- — 
Late experiments, too, appear to make it a compound body, con- 
sisting of the two electricities ; and in our next conversation I shall 
inform you of the principal facts upon which that opinion is founded. 



CONVERSATION V. 

OV THE CHEMICAL AGENCIES OF ELECTRICITT.* 

Mn. B. Before we proceed further, it will be nccessarj^ to give 
you some account of certain properties of electricity, which htre 
of late years been discovered to have an essential connexi^ with 
the phenomena of chemistry. 

Caroline. It is electricity, if 1 recollect right, which oomes 
nes.t in our list of simple substances? 

Mrs, B. 1 have placed electricity in that list, rather from the ne- 
cessity of classing it somewhere, than from any conviction that it has 
a right to that situation ; for we are as yet so ignorant of its intimate 
nature, that we are unable to determine, not only whether it is sim- 
ple or compound, but whether it is in fact a material agent; or, as 
Sir H. Davy has hinted, whether it may not be merely a property 
inherent in matter. As, however, it is necessary to adopt some 
hypothesis for the explanation of the discoveries which this agent 
has enabled us to make, I have chosen the opinion, at present roost 
prevalent, which supposes the existence of two kinds of electricity , 
distinguished by the name of ponitoe and negative electricity. 

* The electricity extracted by the metals is commonly called 
Odbiardtm, 

343. What is heat now supposed to be ? 

344. What subject is to be considered in this conversation? 

345. What are the uncertainties as to the nature of electricity ? 

346. How many kinds of electricity are there? 

347. What are thet^qalled? 
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Caroline. Well, I must confess, I do not feel nearly soioteretted 
in a science in which so much uncertainty prevails as in tho8« 
which rest upon established principles. 1 never was fond of elec- 
tricity, because, however beautiful and curious the phenomena it 
exhibits may be, the theories, by which they were explained, ap- 
peared to me so various, so obscure and inade^ate, that I always 
remained dissatisfied. I was in hopes that the new discoveries in 
electricity had thrown so great a light on the subject, that every 
thins respecting it would now have been clearly explained. 

Jwr8. B. That is a point which we are yet far from having attain- 
ed. But, in spite of the imperfection of our theories, ]^oa will be 
amply repaid oy the importance and novelty of the subject The 
number of new facts which have already been ascertained, and the 
immense prospect of discovery which has lately been opened to us, 
will, I hope, ultimately lead to a perfect elucidation of this branch of 
natural science ; but at present you must be contented with study- 
ing the effects, and in some degree explaining the phenomena, with- 
out aspiring to a precise knowledge of the remote cause of electri- 
city. 

You have already obtained some notions of electricity ; in our 
present conversation, therefore, I shall confine myself to that part 
of the science which is of late discovery, and is more particularly 
connected with chemistry. 

It was a trifling and accidental circumstance which first gave rise 
to this new branch of physical science. Galvani, a professor of nat- 
ural philosophy at Bologna, being engaged (about 20 years ago] 
in some expenmentson muscular irritability, observed, that when a 
piece of metal was laid on the nerve of a frog recentir dead, whilst 
the limb supplied by that nerve rested upon some other metal, the 
limb saddenhr moved, on a communication being made between the 
two pieces of metal. 

Emily. How is this communication made? 

Mrs. B. Either by bringing the two metals into contact, or by 
connecting them by means of a «rietallic conductor. But without 
subjecting a free to any cruel experiments, I can easily make yon 
sensible of this Kind of electric action. Here is a piece of zinc, 
(one of the metals 1 mentioned in the list of elementary bodies)— 
put it tiiufer your tongue, and this piece of silver upon your tongue, 
and let both the metals project a little beyond the tip of the tongue 
— very well ; now make the projecting parts of the metals touch 
each other, and you will instantly perceive a peculiar sensation. 

Emily. Indeed I did; a singular taste, and I think a degree of 
heat ; but I can hardly describe it. 

Mrs. B. The action of these two pieces of metal on the tongue is, 
I believe, precisely similar to that made on the nerve of a frog. I 
shall not detain you by a detailed account of the theory by which 
Galvani attempted to explain this fact, as it was soon overturned 



348. Whai i9 the difference between etedricity and ChUvamem 7 

349. From whom md Galvanism receive its name ? 

350. What gave rise to the branch of physical science called 

Galvanism? ..,.,.. 

351. What sifnple expenment is mentioned, that can be made op 
on the tongue to lUottrate this subject? 

8 



M 
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bj subseqaent experimeDts, which proved that Oahanitm f the name 
this Dew power had obtained) was nothing more than electricity. 
GatraDi supposed that the virtue of this new agent resided in the 
nenres of the frog ; but Volta, who prosecuted this subject with 
much greater success, showed that the phenomena did not depend 
on the organs of the frog, but upon the electrical agency ot the 
metals, which is excited by the moisture of the animal, the org^ani 
of the frog being only a delicate test of the presence of electric in- 
fluence. 

Caroline* I suppose, then, the saliva of the mouth answers the 
same purpose as the moisture of a frog, in exciting the electricity 
of the pieces of silver and zinc, with which Emily tried the exper- 
iment on her tongue? 

Mrs. B, Precisely. It does appear, however, necessary that 
the fluid used for this purpose should be of animal nature. Water, 
and acids very much diluted by water, are found to be the most ef- 
fectual in promoting the development of electricity in metals; and 
accordingly the original apparatus which Volta first constructed 
for this purpose consisted of a pile or succession of plates of zinc and 
copper, each pair of which was connected by pieces of cloth or pa- 
per impregnated with water; and this instrument, from its original 
inconvenient structure and limited strength, has gradually arrived 
at its present state of power and improvement, such as exhibited in 
the Voltaic battel^. In this apparatus, a specimen of which you 



Fig. 11. 
Voltaic Battery. 




see before you, 
the plates of zinc 
and copper are 
soldered together 
in pairs, each 
pair being placed 
at regular distan- 
ces in wooden 
troughs and the 
interstices being 
filled with fluid. 



Caroline. Though you will not allow us to inquire into the pre- 
cise cause of electricity, may we not ask in what manner the fluid 
acts on the metals so as to produce it ? 

Jtfr*. B. The action of the fluid on the metals, whether water or 
acid be used, is entirely of a chemical nature. But whether elec- 
tricity is excited by this chemical action, or whether it is produced 
by the contact of the two metals, is a point upon which philoso- 
phers do not yet perfectly agree. 

Emily. But can the mere contact of two metals, without any in- 
tervening fluid, produce electricity f 

Mrs. B. Tes, if they are afterwards separated. It is an establish- 

352. How did Galvani account for the moving of the limb on a 
communication being made between the two metals? 

353. What was the true cause of it ? 

354. What metals are used in the production of galvanic action? 

355. Which figure represents a Voltaic battery ? 

356. Can galvanism be produced without water? 
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ed fact, that when two metals are pot in cootact^ and afterwarda 
seiraLrated, that which has the strong^t attraotioD for oxygen ex* 
hioits si^ns of positire, the other of negative electricitj. 

Caroltne. It seems, then, but reasonable to infer that the power 
of the Voltaic battery should arise from the contact of the plates of 
sine and copper. 

Mrs. B. It is upon this principle that Volta and Sir H. Dairy 
explain the phenomena of the pile ; but notwithstanding these two 
great anthorities, many philosophers entertain doubts of the truth of 
this theory. The chief difficulty which occurs in explaining the 
phenomena of the Voltaic battery on this principle, is that two such 
plates show no signs of different states of electricity whilst in coo- 
tact, but only on being separated after contact. Now, in the Vol- 
taic battery, those plates that are in contact, always continue so, 
being soldered together ; and they cannot, therefore, receire a suc- 
cession of charges. Besides, if we consider the mere disturbance 
of the balance of electricity by the contact of the plates, as the sole 
cause of the production oi Voltaic electricity, it remains to be ez- 
plaioed how this disturbed balance becomes an inexhaustible source 
of electrical energy, capable of pouring forth a constant and copious 
supply of electrical fluid, though without any means of replenishing 
itself from other sources. This subject it must be owned, is inrol- 
▼ed in too much obscurity to enable us to speak rery decidedly in 
favor of any theory. But, in order to avoid perplexing yon with 
different explanations, I shall confine myself to one which appears 
to me to be least encumbered with difficulties, and most likely to 
accord with truth.* 

This theory supposes the electricity to be excited by the chemi- 
cal action of the acid on the zinc ; but you are jet such novices in 
chemistry, that I think it will be necessary to g^ve yon some prefi* 
. oos explanation of the nature of this action. 

All metals have a strong attraction for oxygen ; and this element 
is found in great abundance, both in water and in acids. The ac- 
tion of the diluted acid on (he zinc consists, therefore, in its oxygen 
combining with it, and dissolving its surface. 

Caroline. In the same manner, I suppose, as we saw an acid dis- 
solve copper. 

Mrt, B, Yes ; but in the Voltaic battery, the diluted acid is not 
strong enough to produce so complete an effect ; it acts only on the 

* This mode of explaining the phenomena of the Voltaic pile is 
called the chemieal theory of electricity, because it ascribes the 
cause of these phenomena to certain chemical changes which take 
place during their appearance. The mode which is here sketched 
was long since suggested by Dr. Bostock, who has lately, (1818) 
published " An account of the History and present state of Galva- 
nism ;" which contains a fuller and more complete statement of his 
opinions and those of other writers on the subject, than any of his 
former papers. 



357. What established fact in galvanic experiments is mentioned* 

358. What two chemists have explained the phenomena of the 
Voltaic battery, as proceeding solely from the contact of the two 
metals ? 

359. For whathave all metals strong attractioni 
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•urface of the zinc« to which it jieldi its oxygen, fonniog upoD it a 
film or crust, which is a cK)mpouocl of the oxygen and (he metal. 

Emily, Since there is so strong a chemical attraction between 
oxjgen and metals, I supj^ose they are naturally in different states 
of electricity. 

JUn. B, Tes ; it appears that all metals are united with the pos- 
itive, and that oxygen is the grand source of the negatire electri- 
city. 

baroline* Does not, then, the acidaot on the plates of copper, as 
well as on those of zinc ? * 

J^n. B. No : for though copper has an affinity for oxygen, it is 
less strong than that of zinc ; and therefore the energy of the acid 
isonly exerted upon the zinc. 

It will be best I believe, in order to render the action of the Vol- 
taic battery more intellieible, to confine our attention at first to the 
effect produced on two plates only. (Fig. 12.) 

If a plate of zinc be placed opposite to one of copper, or Fig. 12. 
any otner metal less attractive of oxygen, and the space Voltaic 
between them (suppose of half an inch m thickness,] be fil- Battery, 
led with an acid or any fluid capable of oxy dating the zinc, ^ "^ 
the oxydated surface will have its capacity for electricity 
diminished, so that a quantity of electricity will be evolv- 
ed from that surface. This electricity will be received 
by the contiguous fluid, by which it will be transmitted to 
the opposite metallic surface, the copper, which is not ox- 
ydateo, and is therefore disposed to receive it ; so that the 
copper plate Will thus become positive, whilst the zinc 
plate will be in the negative state. 

This evolution of electrical fluid, however, will be very 
limited ; for as these two plates admit of but very httle ac--^ 
cumulation of electricity, and are supposed to have no communica- 
tion with other bodies, the action of the acid, and further develop- 
ment of electricity, will be immediately stopped. 

Emity. This action, I suppose, can no more continue, than that 
of a common electricid machine, which is not allowed to communi- 
cate with other bodies ? 

Mrs, B, Precisely ; the common electrical machine when exci- 
ted by the friction df the rubber gives out both the positive and neg- 
ative electricities. (Fig. 13.) The positive, by the rotation of the 
glass cylinder, is conveyed into the conductor, whilst the negative 
goes into the rubber. 6ut, unless there is a communication made 
between the rubber and the ground, a very inconsiderable quantity 




* The acid acts upon the copper, but not so strongly as on the 
«.nc. Any two metals, one of which has a stronger attraction for 
oxygen than the other, will form the galvanic series.— C. 



zinc 



360. What is the g[rand source of negative electricity ? 

361. Why in the Voltaic battery is the energy of the action ex- 
erted only upon the zinc ? 

362. How would you explain the principle of the Voltaic battery 
by Fig. 12? 

363. How would you describe the mode of collecting electricity 
in the common electrical machine ? 

364. Why must the rubber be connected with the ground? 



of ^ectrieitjT can be excited : for the nibber, like the plates of tiie 
batterj, has too taiall a capacity to admit of an accQiMilation of 
elecincitj. Unless, therefore, the electricity can pass ont of the 
robber, it will not continne to g^o into it, and consequesthr, no ad- 
ditional accumulation will take place. Now, as one kind of elec- 
tricity cannot be gfiven out without the other, the developement of 
Ibe positive electricity is stopped, ai well as that of the negative, and 
the condnctor, therefore, cannot receive a succession of charges. 
Fig. 13. Electrical Machine. 




Ft|r. 13. A Um Cf liod«r. B tba Condnetor. R Um Robber. C tba Chaia. 

Caroline* But does not the conductor, as well as the rubber, re- 
quire a communication with the earth, in order to get rid of its 
electricity ? 

JUrs. B, No ; for it is susceptible of receiving and containing a 
considerable quantity of electricity, as it is much larger than the 
. rubber, and therefore has a greater capacity ; and this continued 
accumulation of electricity in the conduetor, is what is called a 
charge. 

Emily. But when an electrical machine is furnished with iwo 
conductors to receive the two electricities, ^suppose no communis 
cation with the earth is required f 

Jtfrf. B. Certainly not, until the two are fully chnr||[ed ; for the 
two conductors will receive equal quantities of electricity. 

Caroline* I thought the use of the chain had been to convey the 
^lactrioity /}«m the ground into the machine. 

Jin. B. That was the idea of Dr. Franklin^ who supposed that 
fkurm was but one kind of electricity, and who by the terms posi- 
tive and negative (which he first introduced,) meant only different 
q— titiee of the same kind of electricity.* The chain was in that 

* The idea of Dr. Franklin was, that the positive state consisted 

366. What is called a charge, in th^ nse of the common electri- 
cal machine f 
366. What was Dr. FrankliB% opinion oonceminf electricitj? 
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cue Mipposed to conyey eleotricitjy^vm tbe (froQQd through the 
rubber into tbe cooductor. But at we bare adopted tbe bypotbetts 
of two electricitiet, we must cousider tbe chain as a rebicfe to con- 
duct tbe negatire electricity into tbe earth. 

Emily. And are both kinds produced whenever electricity is ex- 
cited ? 

Jdrt, B, Yes, invariably. If you rub a tube of glass with a wool- 
len cloth, the glass becomes positive, and the clotb negative.* If, 
on tbe contrary, you excite a slick of sealing-wax by the same meant, 
it is tbe rubber which becomes positive, and tbe wax negative. . 

But with regard to the Voltaic battery, in order that the acid may 
act freely on Uie zinc, and the two electricities be g^ven out withoat 
interruptioQ, some method must be devised, by which the plates 
may part with their electricities as fast as they receive them. Can 
you think of any means by which this might be effected f 

Emily. Would not two chains or wires, suspended from either 
place to the ground, conduct the electricities into the earth, and 
thus answer tbe purpose ? 

Mn. B. It would answer the purpose of carrying off tbe electri* 
city, I admit ; but recollect, that though it is necessary to find a vent 
for the electricity, yet we mutt not lose it, since it is tbe power we 
are endeavouring to obtain. Instead, therefore, of condncting it 
into the ground, let us make the wires from either plate meet ; the 
two electricities will thus be brought together, and will combine 
and neutralize each other; and as long as this communication con- 
tinues, the two plates having a vent for their respective electrici- 
ties, the action of tbe acid will go on freely and uninterruptedly. 

Emily* Thatis very clear, so far as two plates only are concerned ; 
but I cannot say I understand bow the energy of the succession 
of plates, or rather pairs of plates, of which the Galvanic trough it 
composed, is propagated and accumulated throughout a battery. 

in the presence, or accumulation of the electric fluid, and that tbe 
negative was merely its absence or diminution. Hence the terms 
used by him to indicate these states were positive and negcUive. In 
this chapter, Mrs. B. has used these terms of the American Philo- 
sopher improperly, for plus and minus were never meant to signify 
two sorts of electricitv, but only its presence or absence. Where au- 
thors have adopted Dufay's theory of two electricities, they have 
used tbe terms vitreous and resinous. — C. 

• Most probablv, because the glass takes the electric fluid from 
the cloth. Indeed, we conceive there is about the same reason for 
believing that tbe negative state is tbe absence of the electric fluid, 
as there is for beliermg that cold is the absence of heat.— C. 

367. What is the use of the chain in the common electrical mz^ 
chine ? 

368. Are negfative and positive electricity always prvdnced, 
when electricity it excited f 

369. What it necettary in the Voltaic battery, that the two eleo- 
tricitiet be given out without interruption ? 

370* In wnat manner do two pieces of wire prodtue this dSooif 
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Mr». B, In order to show jou how the iDteniity of the eleotrici- 
tj is iDcreased by increasiog the number of plates, we will ezaoi- 
ioe the action of fonr plates ; if you understand these, you will 
readily comprehend that of any number whaterer. 

, ^. ^ .... Fig. 14. Voltaic Battery. 

In this figure you will obserre that the 
two central plates are united; th^y are 
soldered together, (as we observed tn 
describing the Voltaic trough,) so as to 
form but one plate, which oners tiro 
different surfaces ; the one of copt^er, 
the other of zinc. 

Now you recollect, that, in explaining 
the action of two plates, we supposed 
that a quantity of electricity was e voiced 
from the surface of the first zinc pi ate, i D 
consequence of the action ofthe acid, and - 
was conveyed by the interposed fluid to the copper plate No. 2, 
which thus became positive. This copper plate communicates its 
electricity to the contiguous zinc plate. No. 3, in which, conse- 
quently, some accumulation of electricity takes place. When, 
therefore, the fluid in the next cell acts upon the zinc plate, elec- 
tricity is extricated from it in larger quantity, and in a more con- 
centrated form than before. This concentrated electricity is again 
conveyed by the fluid to the next pair of the plates, No. 4 and 5, 
when It is further increased by the action of the fluid in the third 
cell, and so on, to any number of pfates, of which the battery may 
consist, so that the electrical energy will continue to accumulate - 
in proportion to the number of double plates, the first zinc plate of 
the senes being the most negative, and the last copper plate the 
most positive. 

Caroline, But does the battery become more and more strongly 
charged merely by being allowed to stand undisturbed ^ 

Jdrs, B, No : for the action will soon stop, as was explained be- 
fore, unless a vent be given to the accumulated electricities. This 
is easily done, however, by establishing a communication by means 
of the wires (See Fig[. 11,] between the two ends of the battery ; 
these being brought into contact, the two electricities meet and 
neutralize each other, producing the shock and other effects of 
electricity : and the action goes on with renewed energy, l)ein|^ no 
longer obstructed by the accumulation of the two electricities 
which impeded its progress. 

Emily* Is it the union of the two electricities which prodiices the 
electric spark f 

Mrt»»B, Tes ; and it is, I believe, this circumstance which gave 
rise ta Sir H. Davy's opinion, that caloric may be a compouod of 
the two electricities. 

Caroline, Yet, surely, caloric is very different from the electoral 
spark? 

Mrs. B, The difference may consist, probably, only in intensity : 



371. How would you explain figure 14 ? 
S72. How woald you explain figure 14, which represents the 
Voltaic battery, so as to produce the electric spark ? 
373. What does Sir H. Dayy suppose caloric to be ? 
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for tbe heat of the electric »park is considerably mote ittteose 
though confined to a Tory minute spot, than any heat we can pro- 
duce by other means. 

Emily, Is it quite certain that the electricity of the Voltaic 
battery is precisely of the same nature as that of the common elec- 
trical machine ? 

Jtfri. B. Undoubtedly ; the shock given to the human body, the 
spark, the circumstance of the same substances which are conduct- 
ors of the one, being also conductors of the other, and of those bod- 
ies, such as glass and sealing-wax, which are non-conductors of the 
one, being also non-conductors of the other, are striking proofs of 
it. Besides, Sir H. Davy has shown, in his Lectures, that a Ley- 
den jar, and a common electric battery, can be charged with elec- 
tricity obtained from a Voltaic battery, the effect produced being 
perfectly similar to that obtained by a common machine. 

Dr. Wollaston has likewise proved, that similar chemical decom- 
positions are effected by the electric machine and by the Voltaic 
battery; and has made other experiments which render it highly 
probable, that the origin of both electricities is essentially the same, 
as they show that the rubber of the common electrical machine, 
like the zinc in the Voltaic battery, produces the two electricities, 
by combining with oxygen. 

Caroline, But 1 do not see whence the rubber obtains oxygen, for 
there is neither acid nor water used in the common machine; and I 
always understood that the electricity was excited by the friction. 

Mrs, B. It appears that by friction the rubber obtains oxygen 
from the atmosphere, which is partly composed of that element. 
The oxygen combines with the amalgam of the rubber, which is of 
a metallic nature, much in the same way as the oxygen of the acid 
combiner with the zinc in the Voltaic battery, and it is thus that 
tbe two electricities are disengaged. 

Caroline. But if the electricities of both machined are simHar, 
why not use the common machine for chemical decompositions? 

Mr$. B. Though its effects are similar to those of the Voltaic 
battery, they are incomparably weaker. Indeed Dr. Wollaston, 
in using it for chemical decompositions, was obliged to act upon 
the most minute quantities of matter, and though the result was 
satisfactory in proving the similarity of its effect to those oi the 
Voltaic battery, these effects were too small in extent to be in any 
considerable degree applicable to chemical decompositions. 

Caroline, How terrible, then, a shock must be from a Voltaic 
battery, since it is so much more poweiful than an electrical ma- 
chine. 

Mr$. B. It is not nearly so formidable as you think ; a| least it ia 

374. How does the degree of heat in the electfie spark coiii|>ai0 
with that produced by other m^ans f 

375. What proves that the electricity in the Voltaic battery i» 
of the same nature as that of the oommoa ^iectrieal maddne ? 

376. How do the rubber of the common electrical macbio^^ 
the zinc in the Voltaic battery produce the two electricities ^ 

377. How does the rubber obtain oxygeo, in tbe use of th64M)iB- 
lOB electrical maehliie f 

378. Why Is not the ootmnoii electrical mad^ine iised ^ d»emi- 
cal decompositioBs ? 
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bj no means proportional to the chemical eflfect. The greaii rape- 
nority of the voltaic battery consists in the lar^ ^tion/tfy of elee- 
tricity that passes : bat in regard to the rapidity or intentity of the 
cbarg^e, it is greatly surpass^ by the common electrical machine. 
It would seem that the shock or sensation depends chiefly upon the 
intensity; whilst, on the cootrary, for chemical purposes, it it 
quantity which is required. lo the Voltaic battery, the electricity, 
though copious, is so weak as not to be able to force its way through 
the fluid which separates the plates, whilst that of a common ma- 
chine will pass through any space of water. 

Caroline, Would it not be possible to increase the intensity of 
the Voltaic battery till it should equal that of the common machine? 

Mr9, B. It can actually be increased till it imitates a weak elec- 
trical machine, so as to produce a risible spark when accumulated 
in a Leyden jar. But it can nerer be raised sufilctently to past 
through any considerable extent of air, because of the ready com- 
munication through the fluids employed. 

By increasing the number of plates of a battery, you increase itt 
intmnty, whilst, by enlarging the dimensions of the plates, yon aug* 
ment its quarUUy — and as the superiority of the battery over the 
common machine consists entirely in the quantity of electricity pro- 
duced, it was at first supposed that it was the size, rather than the 
number of plates that was essential to the augmentation of power. 
It was, howeyer, found upon trial, that the quantity of electricity 
produced by the Voltaic battery, even when of a very moderate 
size, was sufficiently copious, and that the chief advantage in this 
apparatus was obtained by increasinr the intensity, which, howev- 
er, stiU falls very far short of that of the common machine. 

I should not omit to mention, that a very splendid, and, at the 
same time, most powerful battery, was a few years ago, constructed 
under the direction of Sir H. Davy, which he repeatedly exhibited 
in his course of electro-chemical lectures. It consists of two then- 
sand double plates of zinc and copper, of six square inches in di- 
mensions, arranged in troughs of Wedgwood-ware, each of which 
contains twenty of these plates. The troughs are furnished with a 
contrivance for lifting the plates out of them in a very convenient 
and expeditious manner.'" 

* A model of this mode of construction is exhibited in (Fig. 15.) 
Note. In consequence of the discoveries of Prof. Hare, of Phil- 
adelphia, the present theory of galvanism roust probably undergo a 
radical change. This gentleman has invented a new method of ex- 
tricating the voltaic influence, bv so connecting the plates that in 
effect only two great surfaces of the metals are presented to each 
otiier. By this arrangement, the galvanic action on different sub- 

379. In what does the superiority of the Voltaic battery consist.' 

380. In what respect does the common electrical machine surpass 
the Voltaic battery ? 

381. What is the difference in the action of the Voltaic battenr, 
whether the number of plates is increased or their size is enlarp^ed .' 

382. How extensive was the large battery constructed by Sir H. 
Davy ? 

383. What American chemist hat dielinguished himeelf hy dii" 
eomeriee in galvanum 7 
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CarduM. Well, doit that we nnderatand the nature of the tctkn 
of the Voltaic battery, I long to bear an accoont of tbe chemicii 
ditooveries to wbicb it has given rise. 

JIfrt. B. Ton must restrain your impatience, my dear, for I cannot 
with any propriety introduce tbe subject of tbese discoveries till we 
oome to tbem in the regular course of our studies. There is, how- 
ever, a recent discovery respecting the Voltaic pile, which, tbougb 
not immediately connected with chemistry, i^ too curious to be past- 
ed over in silence. It relates to the influence of electricity on mag- 
netism, lately discovered bv a Danish pbilosppher, Mr. Oersted. 

Caroline- What ! animal magnetism ? 1 have often heard of mag- 
netic tractors ; but 1 thought there was no truth in them. 

Mrt. B, Nor is there ; it is ooljr the magnetic needle to which I 
allude. You already know something of the wonderful property of 
the magnetic needle to direct one of its extremities towards tbe 
north ; and you may easily conceive how interesting any new fact 
relating to this truly mysterious agent, must be to science. The 
pnncipal fact is this ; If a Voltaic battery be so placed as to bave iti 
oegative poledirected towards the south and its positive one towards 
the north, a communication being at the same time established over 
the battery, between its two poles, by means of metallic wires ; and 
if a mas^netic needle be suspended just above the wire, and in a par- 
allel direction, the needle will immediately move round upon its 

stances, has presented some new phenomena. This calorific principle 
is immensely increased, while the electric shock is hardly to be per- 
ceived. Prof, llarebasnamed this new apparatus ca/ortmof or, or heat 
mover. The new views which he has been induced to offer, seem to 
be confirmed by Fig. 15. 

tbe action of the '«• l^. VoUaio Batttiy of improTcd eoBttruetioa with tha platM 

calorimotor, viz. ^^ «' ^ «•^^• 

tbatgalvanismisa ^^ ^><^ 

compound of elec- y J Jfc- i fc A € i ^' ^ ift # ij fc W^^a^ it L -^ 

trinity and calo- ^ -^ — — ^^-^ 

ric This theory, 
it is obvious, will 
set aside many of 
tbe principles laid 
down in the fore- 
going chapter. — 
An account of this 
theory, with a de- 
ecription of tbe 
calorimotor, is 
published in Silli- 
man's Journal, 
with observations 
by tbe Editor; al- 
to in Hare's edi- 
tion of Chemis- 
try.— C. _ 

a. To what does the recent discovery made by Mr. Oersted relate « 

b. What is the principal fact connected with this discovery . 
364. What doee Mr, Hare tuppoee OcUvaniem to be ? 
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piTot, it! Dortbeni extremity dirccttng itself towurdi the «oe«l, more 
or less aocordiug to the energy of the pile, while oo the other hmod, 
if the magnetic needle be placed below the Toltaic conductor, it 
will likewise begin to more round, but its north pole will, in this 
case, point towards the east 

Emily . How curious this is ! and pray how it this singular effect 
explained f 

Mrs. B. It is one of the most intricate points of natural science, 
and one upon which philosophers can jet offer but very uncertain 
conjectures. Several of the most emment scientii&o men, however, 
are earnestly engaged in investigating the subject ; and it is to be 
hoped, that some important discovery may yet be made. In the 
mean time they have already ascertained many curious facts illus« 
tratire of the influence which electricity and magnetism exert 
upon each other, one of the most striking of which is, that if a steel 
needle be placed transversely upon the conductor of a Voltaic pile 
in action, the needle will, in a few seconds, become magnetic, so 
as to be capable of attracting and repelling iron like magnets. Or 
if any portion of the condactiog wire be turned into a spiral, and a 
needle laid within its coils, but so as not to touch them, it will im- 
mediately become magnetic, as I shall easily show you the first 
time we set the Voltaic pile in action ; for it is now too much ex- 
hausted to produce the effect in question. We shall therefore here 
terminate this conversation, which has been already sufficiently 
long anddiffiKsult. 



CONVERSATION VI. 

ON OXYGEN AND NITR06BN. 

Jdrt. B. To-day we shall examine the chemical properties of 

ATMOSPHERE. 

Caroline. I thought that we were first to learn the nature of oxt^ 
OKN which comes next in our table of simple bodies ? 

Jtfirt . B. And so you shall ; the atmosphere being composed of 
two principles oyxgen and nitbogen, we shall proceed to analyse 
it, and consider its component parts separately. 

EwUly. I always thought that the atmosphere had been a very 
complicated fluid, composed of all the rariety of exhalations from 
the earth. 

Jin. jB. Such substances may be considered rather as heteroge- 
neous and accidental, than as forming any of its component parts ; 
aad the proportion they bear to the whole mass is quite mcon- 
■iderable. 

Atmospherical AiB is composed of two gases, known by the 
Dames of oxtoxn gas knd iirrROGEN or azotic gas. 

Emily. Pray, what is a gas ^* 

''^ All kinds of air differing from the atmosphere are called by 
thia Dame.— C. 

c« What other facts have been observed on this subject f 
385. Ofwhat is t&e atmosphere composed? 
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Mrt, B. The name of g^s is g^ven to any fluid capable of exist- 
ing^ constantly in an aeriform state, under the pressure and at the 
temperature of the atmosphere. 

Caroline, Is not water, or any other substance when e?aporated 
by heat, called gas? 

Mrt, B. No my dear; vapour is, indeed, an elastic fluid, and 
bears a strong resemblance to a gas e there are, howeyer, sey^rai 
points in which they essentially ditfer, and by which you may always 
distinguish them. Steam, or vapour, owes its elasticity merely to a 
high temperature, which is equal to that of boiling water. And it 
djners from boiling water only by being united with more caloric, 
which as we before explained, is in a latent state. When steam is 
cooled, it iostantly returns to the form of water; but air, or gas, 
has never yet been rendered liquid or solid, by any degree of cold. 
EmUV' But does not gas, as well as vapour, owe its elasticity to 
caloric r 

Mrt, B, It is the prevailing opinion ; abd the difference betweea 
gas and vapour is thought to depend on the diff*erent manner, ia 
which caloric is united with the basis of these two kinds of elastic 
fluids. In vapour it is considered as in a latent state; in gas, it is 
supposed to be chemically combined. 

Etnify, When you speak, then, of the simple bodies, oxygeD and 
nitrogen, you mean to express those substances which are the bases 
ofthe twogases.^ 

Jtfrt. B. Yes, in strict propriety ; for they can properly be called 
gase-s, only when brought to an aeriform state. 

Caroline, In what proportions are they combined in the atmos- 
phere? 

Mrt, B, The oxygen gas constitutes a little more than one-fiftb, 
and the nitrogen gas a little less than four fifths.* When separated, 
they are found to possess qualities totally different from eacn other. 
For oxygen gas is, essential both to respiration and combustioo, 
while neither of these processes can be performed in nitrogen gas. 
Caroline, But if nitrogen g^as is unfit for respiration, how does it 
happen that the larg^e proportion of it which enters into the compo- 
sition of the atmosphere is not a great impediment to breathing? 

Mrt, B, We should breathe more freely than our lun^ could 
bear, if we respired oxygen g^ alone. The nitrogen is no impedi- 
ment to respiration, and probably on the contrary, answers some 
useful purpose, though we do not know in what manner it acts io 
that process. 

* In 100 parts of the atmospheric air, there is 21 of oxygen and 
79 of nitrogen.— C. 

386. What is a gas? 

387. What is the difference between vapour and gas ? 

388. To what does vapour owe its elasticity ? 
889. To what do the gases owe their elasticity ? 

390. When may oxygen and nitrogen be called g^ases ? 

391. What is an essential difference between oxygen and nitro* 
gen, when separated? 

392^ If nitrogen gas is unfit for respiration, how does it happen, 
that tne large proportion of it, which enters idto atmospheric air, 
doM not cause an impediment in breathing? 
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EmUy. And by what means can tbe two gases, which compose 
the atmospheric air, be separated ? 

Mrt, B, There are many ways of analysing the atmosphere : the 
two gases may be separated first by combustion. 

Emily. You surprise me ! how is it possible that combustion 
should separate them ? 

Mrt, B. I should preriously inform you« that till withio a few 
years, oxygen was supposed to be the only simple body naturally 
combined with negative electricity. Sir H. Davy has since added 
chlorine and iodine to that number, but they are bodies of inferior 
importance. In all the other elements the positive electricity pre- 
vails, and they have consequently, all of them, an attraction for 
oxygen.ft 

Caroline. That surprises me extremely ; how then are the com- 
binations of the other bodies performed, if, according to your expla- 
nation of chemical attraction, bodies are supposed only to combine 
in virtue of their opposite states of electricity ? 

JUrs, B. Compound bodies, in which oxygen prevails over the 
other component parts, are also negative, but their negative energy 
is greater or less in proportion as (be oxygen predominates. Those 
compounds into which oxygen enters m less proportion than the 
other constituents, are positive, but their positive energy is dimin- 
ished in proportion to the quantity of oxygen which enters into their 
composition. 

Bodies, therefore, that are not already combined with oxygen, 
will attract it, and, under certain circumstances, will absorb it from 
tbe atmosphere,. in which case the nitrogen gas will remam alone, 
and may thus be obtained in its separate state. 

Caroline. I do not understand how a gas can be absorbed ? 

Mn. B. It is only the oxygen, or basis of the gas, which is absorb- 



.f If chlorine or oxy muriatic g^s be a simple body, according to 
Sir H. Davy's view of tbe subject, it must be considered as an ex- 
ception to this statement; but this subject cannot be discussed till 
the properties and nature of chlorine come under examination. 

f The hypothesis that combustion, as well as chemical affinity are 
electrical phenomena, was first proposed by Berzelius of Stock- 
holm. Tbe theory is shortly this. In all cases, where tbe particles 
of bodies have a chemical attraction for each other, they are in op- 
posite states of electricity, and the force of their union is in propor- 
tion to the intensity of these electrical states, since it is this which 
forces them to unite. Thus tbe particles of an acid and an alkali 
unite, because one is -strongly negative and the other strongly posi- 
tive. In case of combustion, these different states are still more in- 
tense, oxygen always being in the negative state, and the combusti- 
ble in the positive, and when a union takes place, beat and light is 

393. Can the two gases that compose tiiB atmospheric air be se- 
parated? 

394. In what proportion are oxygen andliiitt^fgen combined in al- 
w¥Hpheric mr ? 

395. What causes negative electricity ? 

396. How can combustion separate them? 

397. How is caloric produced in combustion? 

398. Whai w tke theory ^combuition proposed by BerxeUm f 

9 
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ed; and the two electricities escaping, that is to say, the negatire 
from the ozjgen, the positive from the burning body, unite and pro- 
duce caloric. 

Emily, And what becomes of this caloric ? 

Jfrt. B. We shall make this piece of dry wood attract oxygeo 
from the atmosphere, and you will see what becomes of the caloric. 

Caroline. You are joking, Mrs. B. : you do not mean to decom- 
pose the atmosphere with a piece of dry stick ? 

Mn. B. Not the whole body of the atmosphere, certainly *, but if 
we can make this piece of wood attract any Quantity of oxygen 
from it, a proportional quantity of atmospherical air will be decom- 
posed. 

Caroline. If wood has so strong an attraction for oxygen, why 
does it not decompose the atmosphere spontaneously ? 

Mn. B. It is found by experience, that an elevation of tempera- 
ture is required for the commencement ot the union of the oxygen 
and the wood. 

This. elevation of temperature was formerly thought to be neces- 
sary, in order to diminish the cohesive attraction of the wood, and 
enable the oxygen to penetrate and combine with it more readily. 
But since the introduction of the new theory of chemical combiDa- 
tion, another cause has been assigned, and it is now supposed that 
the high temperature, by exalting the electrical energies of bodies, 
and consequently their force of attraction, facilitates their combi- 
nation. 

Emily. If it is true that caloric is composed of the two electrici- 
ties, an elevation of temperature must necessarily augment the 
electric energies of bodies. 

j|#r«. B. I doubt whether that would be a necessary consequence ; 
for admitting this composition of caloric, it is only by being decom- 
posed that electricity can be produced. Sir H. Davy, however, in 
bis numerous experiments, has found it to be an almost invariable 
rule, that the electrical energies of bodies are increased by eleva- 
tion of temperature. 

What means, then, shall, we employ to raise the temperature of 
the wood, so as to enable it to attract oxygen from the atmosphere .' 

Caroline. Holding it near the fire, I should think, would answer 
the purpose. 

Mrs. B. It may, provided you hold it sufficiently clo^e to the fire; 
for a very considerable elevation of temperature is required. 

Caroline. It has actually taken fire ; and yet I did not let it touch 
the coals, but I held it so verv close that I suppose it caught fire 
merely from the intensity of the heat. 

Mrs. B. Or you mijfht say, in other words, that the caloric which 

the consequence. This theory is not well proved, nor generally 
adopited. — C. 

399. If wood has a strong attraction for oxygen, why does it not 
decompose the air spontaneously ? 

400. Why is it necessary to heat a combustible substance to make 
it burn f 

401. 4re the electrical energies of bodies increased by elevatioo 
of temperature ? 

402. Why will a piece of wood when held near the fire, bum) al- 
though it does not touch the coals ? 
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the wood imbibed, so much elerated its temperature, mod exalted 
its electric energy, as to enable it to attract oxygen rcry rapidly 
from the atmosphere. 

Emily. Does (be wood absorb oxygen while it is burning ? 

Mrt, B, Yes; and the beat and light are produced by the union 
of the (wo elec(ricitic8 which are set at liberty, in consequence of 
the oxygen combining with (he wood. 

Caroline, You astonish me ! the heat of a burning body proceeds 
then as much from the atmosphere as from the body i(self f 

Mrs. B. It was supposed that ^be caloric given out during com- 
bustion, proceeded entirely, or nearly so, from the decomposition 
of the oxygen gas ; but according to Sir H. Davy's new view of 
the subject, both the oxygen gas and the combustible body concur 
in supplying the heat and light, by the union of their opposite elec- 
tricities. 

Emily. I have not yet met with any thing in chemistrv that has 
surprised or delighted me so much as this explanation of combus- 
tion. I was at first wondering what connexion there could be be- 
tween the affinity of a body for oxygen and its combustibility ; but 
I think I understand it now perfectly. 

Mrs. B. Combustion, then, you see. is nothing more than the rap- 
id combination of a body with oxygen, attended by the disengage- 
ment of light and heat. 

Emily. But are there no combustible bodies whose attraction for 
oxygen is so strong, that they will combine with it, without the ap- 
plication of heat ? 

Caroline. That cannot foe; otherwise we should see bodies burn- 
ing spontaneously. 

Jlfrf. B. But there are some instances of this kind, such as phos- 
phorus, potassium, and some compound bodies, which I shall here- 
after make you acquainted with. These bodies, however, are pre- 
pared by art, for in general, all the combustions that could occur 
spontaneously, at the temperature of the atmosphere, have already 
taken place ; therefore new combustions cannot happen without 
the temperature of the body being raised. Some bodies, however, 
will burn at a much lower temperature than others. 

Caroline. But the common way of burning a body is not merely 
to approach it to one already on fire, but rather to put the one ia 
actual contact with the other, as when I burn this piece of paper by 
holding it in the fiameof the fire. 

Jklrt. B. The closer it is in contact with the source of caloric, 
(he sooner will its temperature be raised to the degree necessary 
for it to burn. If you hold it near the fire, the same effect will be 
produced ; but more time will be required, as you found to be the 
case with the piece of stick. 

Emily. But why is it not necessary to continue applying caloric 
throughout the process of combustion, in order to keep up the elec- 
tric energy of the wood, which is required to enable it to combine 
with the oxygen ? 

403. When a substance burns, what does it absorb ? 

404. How are heat and light produced? 
406. What is combustion ? 

406. Why do not bodies burn spontaneously ? 

407. What are instances of combustion without a previous in- 
crease of temperature ? 
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Mrt, B. The caloric which is gpradaally produced by the two 
electricities during^ combustioo keeps up the temperature of the 
burniog' bod j ; so that when once combustioo has begun, no fur- 
ther application of caloric is required. 

Caroline, Since I have learnt this wonderful theory of combus- 
tioo, I cannot help gazing at the fire; and I can scarcely conceiye 
that the heat and light, which I always supposed to proceed entire- 
ly from the coals are really produced as much by the atmosphere. 

Emily, When you blow the fire, Tou increase the combustion, I 
suppose, by supplying the coals with a greater quantity of oxygen 

Mrs. B. Certainly; but of course no blowing will produce com- 
bustion, unless the temperature of the coals be first raised. A sio- 
ffle spark, however, is sometimes sufficient to produce that effect; 
for, as I said before, when once combustion has commenced, the 
caloric disengaged is sufficient to elevate the temperature of tbe 
rest of the body, provided that there be a free access of oxygen. 
It however sometimes happens that if a fire be ill made,«t will be 
extinguished before all tbe luel is consumed, from the very circum- 
stance of the combustion being so slow that the caloric disengaged 
is insufficient to keep up the temperature of the fuel. Tou must re- 
collect that there are three things required in order to produce 
combustion ; a combustible body, oxygen, and a temperature at 
which the one will combine with the other. 

EtmAy, You said that combustion was one method of decompos- 
ing tbe atmosphere, and obtaining the nitrogen gas in its simple 
state ; but how do you secure this g^s, and prevent it from mixmg 
with the rest of the atmosphere ? Fig. 16. 

JIfrf. B. It is necessary for this purpose to 
burn the bodywithin a close vessel, which is 
easily done. — ^We shall introduce a small light- 
ed taper under this glass receiver, which stands 
in a basin over water, to prevent all communi- 
cation with the external air.* 

Caroline. How dim the light bums already ! 
It is BOW extinguished. 

Mn. B. Can you tell us why it is extin- 
guished ? 

Caroline, Let me consider. — The receiver 
was full of atmospherical air ; the taper, in 

Combustioii of a taper 
— ., .. ■— under a receiTer. 

* To make a taper, melt some bees wax, and dip into it a strip of 
cotton cloth about an inch wide, and before it is cold twist it pretty 

408. Why is it not necessarjr to continue applying caloric 
throughout the process of combustioo, in order to keep up the elec- 
tric energy of the wood, which is required to enable it to combine 
with the oxygen f 

409. Why does blowing the fire increase combustion ? 

410. Why will fire be sometimes extinguished beforeall the wood 
is consumed? 

411. What three things are necessary to produce combustion? 

412. Why will a burning taper placed under a glass receiver, as 
in figure 16, toon become extinguished ? 
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burningr within it, must bare combined with the oxygen cootained 
Jo that air, and the caloric that was diseog^aged produced the light 
of the taper. But when the whole of the ozygea was absorbed, the 
whole of its electricity was diseogfaged; consequently no more ca- 
loric could be produced, the taper ceased to burn, and the flame 
was extinguished. 

J\irs. B. Your explanation is perfectly correct. 

Emily, The two constituents of the oxygen g^as being thus dis- 
posed of, what remains under the receirer most be pure nitrogen 
gas. 

Jlfrf . B, There are some circumstances which prevent the nitro- 
gen gas thus obtained, from being perfectly pure ; but we may 
easily try whether the oxygen has disappeared, by putting another 
lighted taper under it. — You see how mstaotaneously the flame is 
extinguished, for want of oxygen to supply the negative electricity 
required for the formation of caloric ; and were you to put an ani- 
mal under the receiver, it would be immediately suffocated. But 
that is an experiment which I do not think your curiosity will tempt 
you to try. 

Emily. Certainly not. But look, Mrs. B., the receiver is full of 
a thick white smoke. Is that nitrogen gas ? 

Mrt. B. No, my dear ; nitrogen gas is perfectly transparent and^ 
invisible, like common air. This cloudmess proceeds from a vari- 
ety of exhalations, which arise from the burning taper, the nature 
of which you cannot yet understand. 

Caroline, The water in the receiver has now risen a little above 
its level in the basin. What is the reason of this ? 

Mrs. B. With a moment's reflection, I dare say you would have 
explained it yourself. The water rises in consequence of the oxy- 
gen ^as within it having been destroyed or rather decomposed, by 
the combustion of the taper. 

Caroline. Then why did not the water rise immediately when the 
oxygen gas was destroyed ? 

Jirt. B. Because the heat of the taper, whilst burning, occasion- 
ed a dilatation of the air in the vessel, and a production of carbonic 
acid, which at first counteracted this effect. 

Another means of decomposing the atmosphere is the oxyi^enation 
of certain metals. This process is very analogous to combustion; 
it is, indeed, only a more general term to express the combination 
of a body with oxygen. 

Caroline.' In what respect, then, does it differ from combustion? 

Jdrs, B. The combination of oxygen in combustion is always ac- 

hard. Cotton wick does better than the cloth. A quart tumbler 
makes a good receiver. Two or three inches of the taper can be 
fastened to a piece of wire, bent so that it will stand up. Thus the 
experiment is easily made. — C. 

413. How long will it burn thus placed under a receiver? 

414. What would be the consequence if an animal were placed 
ander the receiver ? Why ? 

415. What is another method of decomposing the air ? 

• 416. In what respect does oxygenation differ from the decompo- 
sition of air by combustion? 

9» 
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comptnied by a ^liseDgagemeBt of light and beat ; whilst this cir< 
eumstanoe is not m necessary consequence of simple oxygenation^ 

Caroline. But how can a body absorb oxygen without the conn 
bination of the two electricities which produce caloric f 

Jin. B. Oxygen does not always present itself in a gaseous form ) 
it is a constituent part of a vast number of bodies, both solid and li« 
quid, in which it exists in a state of greater density than in the at- 
mosphere ; and from these bodies it may be obtained without much 
disengagement of caloric. It may likewise, in some cases, be ab- 
sorbed mm the atmosphere without any sensible production of light 
and heat; for, if the process be slow, the caloric is disengaged in 
such small quantities and so gradually, that it is not capable of pro- 
ducing either light or beat. In this case the absorption of oxygen 
is called oxygenation or oxydaHony instead of com^tMlion, as the pro- 
duction of sensible light and heat is essential to the latter. 

Emily. I wonder that metals can unite with oxygen ; for, as they 
are so dense, their attraction of aggregation must be very great ; 
and I should have thought that oxygen could never have penetrated 
such bodies. 

- Mrt. B, Their strong attraction for oxygen counterbalances this 
obstacle. Most metals, however, require to be made red hot, be- 
fore they are capable of attracting oxygen in any considerable 
quantity. By this combination they lose most of their metallic 
properties, and fall into a kind of powder, formerly called cols, bat 
DOW much more properly termed an oxyd; thus we have oxydt^ 
leady oxyd qfiron^ fee* 

Emily. And in the Voltaic battery, it is, I suppose, an oxvd of 
zinc, that is formed by the union of the oxygen with that metal. 

Mrs.B. Yes, it is. 

Caroline. The word oxyd, then, simply means a metal combmed 
with oxygen. 

Jfrs, B. Yes ; but the term is not confined to metals, though 
chiefly applied to them. Any body whatever, that has combined 
with a certain quantity of oxygen, either by means of oxydation, or 
combustion, is called an oxya, and is said to be oxydated or oxygena- 
ted. 

Emily. Metals, when converted into oxyds, become, I suppose, 
negative. 

Mrs. B. Not in general ; because in most oxyds the positive en- 
ergy of the metal, more than counterbalances tne native energy of 
the oxygen with which it combines. 

This black powder is an oxyd of manganese, a metal which has so 

* Red Lead and Ruii <flron, — C. 

417. Does oxygen always exist in a gaseous state ? 

418. When is the absorption of oxygen called oxygenatioD, or 
oxydation ? 

419. How can oxygen penetrate metals, since tiieir attraction of 
aggregation is so great? 

420. What is the chemical name for red lead and rust of iron? 

421. What is an oxyd? 

42t. If oxyds are a cdmbiomtion of metals and oxygen, why are 
they not negative ? 
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Strong: an affinity ibr oxygen, that it attracts that snbttancd from 
the atmosphere at any known temperature; it is therefore nerer 
found in its metallic form, but always in that of an oxyd; in whidi 
state, you see it has very little of the appearance of a mettl. It it 
now heavier than it was before oxyd ation, in consequence of the ad- 
ditional weig^ht of the oxygen, with which it has combined.^ 

Caroline. 1 am very glad to hear that ; for I confess 1 could not 
help having some doubts whether oxygen was really a substance, at 
it is not to be obtained in a simple and palpable state ; but its weight 
is, I think, a decisive proof of its being a real body. 

Mrs. B. It is easy to estimate its weight, by separating it from 
the man^nese, and finding bow much the latter has lost. 

Emily, But if you can take the oxygen from the metal, shall we 
not have it in its palpable simple state ? 

Mrs. B» No ; for I can only separate the oxygen from the man- 
ganese, by presenting to it some other bodjr, for which it has a great* 
er affinitj^ than for the manganese. Caloric affording the two elec- 
tricities is decomposed, and one of them uniting with (be oxygen, 
restores it to the aeriform state. 

EwUiy, But you said just now, that manganese would attract ox- 
ygen from the 'atmosphere m which it is combined with the nega- 
tive electricity ; bow, therefore, can the oxygen have a superior 
affinity for that electricity, since it abandons it to combine with ^e 
manffmnese f 

Mrs. B. I give you credit for this objection, Emily ; and theoo* 
ly answer I can make to it is, that the mutual affinities of metals lor 
oxygen, and of. oxygen for electricity, vary at different tempera- 
tures ; a certain degree of heat will, therefore, dispose a metal to 
combine with oxygen, whilst on the contrary, (he former will be 
compelled to part with the latter, when the temperature is further 
increased. I have put some oxyd of manganese into a retort,* 
which is an earthen vessel with a bent neck, such as you see here. 
(See Fig. 17, No. 1. ) The retort containing the manganese you can- 
not see, as I have enclosed it in this furnace, where it is now red-hot. 
But, in order to make you sensible of the escape of the gas, which 
is itself invisible, I have connected the neck of the retort with this 
bent tube, the extremity of which is immersed in a vessel of water. 
(See Fig. 17, No* 2.) Do you see the bubbles of air rise through 
the water? 

Caroline. Perfectly. This, then, is pure oxjgen gas ? What a 
pity it should be lost. Could you not preserve it? 

* To collect oxygen gas, take an oil flask, and having fitted a 
cork to it, pierce the cork so as to admit a bent glass tube; (the 
bending is done over a spirit lamp.) Put into the flask some black 
oxyd of manganese, and pour on sulphuric acid enough to make it 
into a paste. Then put in the cork and tube, and having conn e cte d 
the ether end of the tube, with a receiver, in the tuba of water, ap« 
ply the heat of an Argand larop.--C. 

423. How can it be determined that oxygen has weight? 

424. How can oxygen be separated from manganese after having* 
been oxydated ? 

4^4 How may pure oxygen he collected ? 
426. How would you describe the experiiiient represented in fig- 
ure 17? 



104 



OXTGKN AND NITROOlir. 



Fig. 17. 




No, J. A, rttort on a stand. — No. 9. A, Furnace. B. Eartban Retort in tha fcrawt. 
C, Water Bath. D, Receiver. £ K, Tube oonveyinf the ga» from the Retort tbroagh tbt 
water into the Receiver . F F F. Shelf perforated on which the Reeeivcr itandi. 

^rt. B. We shall collect U id this receiver. For this purpose* 
you observe, I first fill it with water, in order to exclude the at- 
mospherical air ; and then place it over the bubbles which issue 
from the retort, so as to make them rise through the water to the 
upper part of the receiver. 

Emily. The bubbles of oxygen gas rise, I suppose, from their 
specific levity ? 

Mrs, B, Yes ; for though oxygen forms rather a heavy gas, it 
is light compared to water. Tou see how it gradually displaces the 
water from the receiver. It is now full of gas, and I may leave it 
inverted io water on this shelf, where 1 can keep the gas as long as 
I choose, for future experiments. This apparatus (which is indis- 
pensable in all experiments in which gases are concerned) is called 
a water- bath.* 

Caroline, It is a very clever contrivance, indeed; equally simple 
and useful. How convenient the shelf is for the receiver to rest 
upon under water, and the holes io it for the g^s to pass into the re* 
ceiver ! 1 long to make some experiments with this apparatus. 

Mrt, B. I shall try your skill that way, when you have a little 
more experience. I am now going to show you an experiment, 
which proves, in a very striking manner, how essential oxwn it 
to combustion. You will see that iron itself will burn in tms gas, 
in the most rapid and brilliant manner. 

. * A common large sized wash- tub, with a board 4 or 5 iDcbes wide 
fixed through the middle, and about 6 inches from the top, and fil- 
led with water, will answer very well for a great variety of experi- 
ments on the gases. — C. 

427. How does, the weight of oxygen gas compare with that of 
water.? 

428. How may the great tendency of oxygen to produce combus- 
tion, be proved ? 
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Caroline. Really ! I did not know that it was poMible to tmni iron. 

Emily. Tron is a simple body, and you know, Caroline, that all 
simple bodies are naturally positire, and therefore most hare an af- 
finity for oxygen. 

Mrs. B. Iron will, however, not bum in atmospherical air with- 
out a very great elevation of temperature ; but it is eminently com- 
bustible in pure oxygen gas ; and what will surprise you still more, 
it can be set on fire without any coosiderable rise of temperature. 
Ton see this spiral iron wire.'*'—! fasten it at one end to this cork, 
which is made to fill an opening at the top of the glass receiver. 

Fig. 18. 

Emily. I see this opening in the receiver ; 
but it is carefully closed by a ground glass- 
stopper. 

Jdrt. B. That is in order to prevent the gas 
from escaping; but I shall take out the stop- 
per, and put in the cork, to which the wire 
hang^. Now I mean to bum this wire in the 
oxygen gas, but 1 must fix a small piece of 
lighted tinder to the extremity of it in order 
to give the first impulse to combustion ; for, 
however powerful oxygen is in promoting 
combustion, jou must recollect that it cannot 
take place without some elevation of temper- coabuttion or iroa wiMia 
ature. I shall now introduce the wire into the ^vs^ ra*. 

receiver, by quickly changing the stoppers. 

Caroline. Is there no danger of ^e gas escaping while you 
change the stoppers ? 

Mrs. B. Oxygen gas is a little heavier-than atmospherical air, 
therefore it will not mix with it very rapidly ; and if I do not leave 
the opening uncovered, we shall not lose any 

Caroline. Ob, what a brilliant and beautiful flame ! 

Emily. It is as white and dazzling as the sun !— Now^ piece of 
the melted wire drops to the bottom ; I fear it is extinguished ; but 
no, it burns again as bright as ever. 

Mrs. B. It will bum till the wire is entirely consumed, provided 
the oxygen is not first expended ; for you know it can bum only 
while there is oxygen to combine with it. 

Caroline. I never saw a more beautiful light. My eyes can 
hardly bear it ! How astonishing to think that all this caloric was 
contained in the small quantity of gas and iron that was enclosed 
in the receiver ; aod that without producing any visible beat ! 

Emily. How wonderfully quick combustion goes on in pure oxy- 

* The combustion of steel, as a watch spring, is much more vivid 
than that of iron. This affords a very beautiful experiment, and 
is easily made after the oxygen is collected. A bottle of white glass 
of a quart capacity does well as a receiver. An inch of water at 
the bottom will prevent its breaking. — C. 

429. Why have all simple bodies an affinity for oxygen ? 

430. Will iron burn in oxygen g^s without an elevation of tem- 
perature ? 

431. Which is lightest, oxygen gas or atmospherical air ? 
332. How long will a piece of iron burn in oxygen gas f 
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gen g'dtl But pray, are these drops of barnt iron as heavy as the 
wire was before ? 

Jdrt, B. They are even heavier ; for the iron in burning, has ac- 
quired exactly the weight of the ozgen which has disappeared, and 
is DOW combined with it. It has become an oxyd of iron. 

Caroline. I do not know what ^ou mean by saying that the oxy- 
gen has disappeared, Mrs. B., for it was always invisible. 

J^rt. B. True, my dear ; the expression was incorrect Bat 
though you could not see the oxygen gas, I believe you had no doubt 
of its presence, as the effect it produced on the wire was sufficiently 
evident. 

Caroline, Yes, indeed ; yet you know it was the caloric, and not 
the oxygen gas itself, that dazzled us so much. 

J^rs, B. You are not quite correct in your turn, in saying the 
caloric dazzled you ; for caloric is invisible ; it affects only the sense 
of feeling ; it was the light which dazzled you. 

Caroline, True ; but light and caloric are such constant com- 
panions, that it is difficult to separate them, even in idea. 

Jfr#. B. The easier it is to confound them, the more careful yoo 
should be in making the distinction. 

Caroline, But why has the water now risen and filled part of the 
receiver ? 

Mrs, B, Indeed, Caroline, I did not suppose you would have ask- 
ed such a question ! I dare say, Emily, you can answer it. 

Emilt/. Let me reflect . . . The oxygen has combined with the 
wire ; the caloric has escaped ; consequently nothing can remain 
in the receiver, and the water will rise to fill the vacuum. 

Caroline, I wonder that I did not think of that. I wish that we 
bad weighed the wire and the oxygen gas before the combustion; 
we might then have found whether the weight of the ozyd was equal 
to that of both. 

Mrs, B, You might fry the experiment if you particularly wish- 
ed it ; but I can assure you that, if accurately performed, it never 
fails to show that the additional weight of the oxyd is precisely equal 
to that of the oxygen absorbed, whether the process has been a real 
combustion or a simple oxygenation. 

Caroline, But this cannot be the case with all combustions in 
general ; for when any substance is burnt in the common air, so far 
from increasing in weight, it is evidently diminished, and some- 
times entirely consumed. 

Mrs. B, But what do you mean by the expression consumed? You 
cannot suppose that the smallest particle of any substance in nature 
can be actually destroyed. A compound body is decomposed by 
combustion ; some of its constituent parts fly off in a gaseous form, 
while others remain in a concrete state ; the former are called the 
volatile^ the latter ihe fixed products of combustion. But if we col- 
lect- the whole of them, we shall always find that they exceed the 

43J. Why will the component parts of a compound body that hat 
been decomposed by combustion, weigh more than the compound 
body did ? 

434. What is the impropriety in saying that a person is dazzled 
by caloric ? 

435. Can a particle of any substance be actually destroyed ? 

436. What is the fixed product in combustion ? 

437. What it the volatile product in combustion ? 
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weight of the combottible body, by that of the ozygeo which hat 
combined with them doring combustioD. 

Emily* lo the combustion of a coal fire, then, 1 suppose that the 
ashes are what would be called the fixed product, and the smoke 
the volatile product ? 

Jlfrf. B, Yet when the fire bums best, and the quantity of vola- 
tile products should be the greatest, there is no smoke ; but how 
can you account for that ? 

Emily. Indeed I cannot ; therefore I suppose that I was not right 
in my conjecture. 

Jars. B. Not quite ; ashes as you supposed, are a fixed product 
of combustion ; but smoke, properly speakmg, is not one of the vo- 
latile products, as it consists of some minute uodecomposed particles 
of coals which are carried off by the heated air without being 
burnt, and are either deposited in the form of soot, or dispersed by 
the wind. Smoke, therefore, ultimately becomes one of the fixed 
products of combustion. As you may easily conceive that the 
stronger the fire is, the less smoke is produced, because the fewer 
particles escape combustion. On this principle depends the inven- 
tion of Argand's Patent Lamps ; a current of air is made to pass 
through the cylindrical wick of ihe lamp, by which means it is so 
plentifully supplied with oxygen, that scarcely a particle of oil es- 
capes combustion, nor is there any smoke produced. 

Emily, But what then are the volatile products of combustion ? 

Jlfrf. B. Various new compounds with which you are not yet ac- 
quainted, and which being converted by caloric either into vapour 
or jgas, are invisible : but they can be collected, and we shall eiam- 
ioe them at some future period. 

Caroline, There are then other gases, besides the oxygen and ni- 
troeeo gases. 

Mrs, B, Yes, several ; any substance that can assume and main- 
tain the form of an elastic fluid at the temperature of the atmos- 
phere, is called a gas. We shall examine the several gases in their 
respective places ; but we must now confine our attention to those 
which compose the atmosphere. 

I shall show jou another method of decomposing the atmosphere, 
which is very simple. In breathing, we retain a portion of the ox- 
ygen, and expire the nitrogen gas : so that if we breathe in a clos- 
ed vessel, for a certain length of time, the air within it will be de- 
prived of its oxygen gas. Which of you will make the experiment ? 

Caroline, I should be very glad to tr^ it. 

J^rs, B. Very well ; breathe several times through this glass tube 
into the receiver with which it is connected, until you feel that your 
breath is exhausted. 

Caroline. I am quite out of breath already'! 

JUrs, B, Now let us try the gas with a lighted taper. 

Emily. It is very pure nitrogen gas, for the taper is immediately 
extinguished. 

JIfrt. B. That is not a proof of its being pure, but only of the ab- 
sence of oxygen, as it is that principle alone which can produce 
combustion, every other gas being absolutely incapable of it.* 

* This does not agree with the opinion that chlorine and iodine 
are simple bodies, since they are both supporters of combustion.^C. 

438. Why is there no smoke when the fire burns best ? 

439. How can the atmosphere be decomposed by, breathing? 
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Emily, In the methods which you hare shown ns, ior decompo* 
sing the atmosphere, the oxygen always abandons the nitrogen ; 
bat is there no way of taking the nitrogen from oxygen, so as to 
obtain the latter pare from>t^e atmosphere ? 

Mrs. B. You must observ^e, that whenever oxygen is taken from 
the atmosphere, it is by decomposing the oxygen gas : we cannot do 
the same with the nitrogen gas, because nitrogen gas has a stronger 
afElnity for caloric than for any other known principle ; it appears 
impossible, therefore, to separate it from the atmosphere by the pow- 
er of affinities. But if we cannot ' obtain the oxygen gas by tins 
means, in its separate state, we have no difficulty, (as you have seen) 
to procure it in its gaseous form, by taking it from those substances 
that have absorbed it from the atmosphere, as we did with the oxyd 
of manganese. 

EmiUf" Can atmospherical air be recomposed, by mixing doe 
proportions of oxygen and nitrogen gases ? 

Mrs. B, Yes ; if about one part of oxygen gas be mixed with 
about four parts of nitrogen gas, atmospherical air is produced.* 

Emily. The air, then, must be an oxyd of nitrogen ? • 

Emily, No, my dear ; for it requires a chemical combination be- 
tween oxygen and nitrogen in order to produce an oxyd ; whilst 
in the atmosphere these two substances were separately combined 
with caloric, forming two distinct g^ases, which are simply mixed in 
the formation of the atmosphere. 

I shall say nothing more of oxygen and nitrogen, at present, as 
we shall oootiDually have occasion to refer to them in our futare 
conversations. They are both very abundant in nature ; nitn^en 
is the most plentiful in the atrpospbere, and exists also in all animal 
sabstaoces ; oxygen forms a constituent part both of the animal and 
vegetable kingdoms, from which it may be obtained by a variety of 
chemioal means. But it is now time to conclude our lesson. I am 
afraid you have learnt more to-day than you will be able to re* 
member. 

Caroline. I assure you that I have been too much interested tn 
it, ever to forget it In regard to nitrogen there seems to be but 
little to remember ; it makes hut a very insignificant figure in com- 
parison to oxygen, although it composes a much larger portion of 
the atmosphere. 

Jlfr#. B. Perhaps this insignificance you complain of, may arise 
from the compound nature of nitrogen, for though I have hitherto 
considered it as a simple body, because it is not known in any nat- 
ural process to be decomposed, yet from some experiments of Sir H. 
Davy, there appears to be reason for suspeccting that nitrogen is a 

* The proportion of oxygen in the atmosphere varies from 21 to 
SS per cent. 

440. Why may not oxygen be taken from the atmosphere to as 
to leave the nitrogen pure ? 

441. How can atmospheric air be produced by the union of oxy- 
gen and nitrogen ? 

442. Why is not the union that takes place between oxygen and 
nitrogen in the production of atmospheric air, an oxyd ? 

443. Where do oxygen and nitrogen exist ? 

444. Is nitrogen a simple or a compound substance ? 
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compound body, as we shall see afterwards. But even in its simple 
state it will not appear so insignificant when you are better ac- 
quainted with it ; for though it seems to perform but a passire part 
in the atmosphere, and has no very strikmg properties, when con- 
sidered in its separate state, yet you will see by and by what a very 
important ageot it becomes, when combined with other bodies. But 
no more of this at present ; we must reserve it for its proper place. 



CONVERSATION VII. 

ON HTDBOOEN. 

Caroline. The next simple bodies we come to are chlorine and ^ 
IODINE. Pray what kind of substances are these ? Are they also 
invisible ? 

Jdrs. B. No ; for chlorine, in the state of gas, has a distinct 
greenish color, and is therefore visible ; and iodine, in the same 
state, has a beautiful claret-red color. These bodies, I have al- 
ready informed you, are, like oxygen, endowed with the negative 
electricity ; but the explanation of their properties, implies various 
considerations, which you would not yet be able to understand ; we 
shall therefore defer their examination to some future conversation, 
and we shall go on to the next simple substance, htdrooen, which 
we cannot, any more than oxygen, obtain in a visible or palpable 
form. We are acquainted with it only in its gaseous state, as we 
are with oxygen and nitrogen. 

Caroline. But in its gaseous state it cannot be called a simple 
substance, since it is combined with heat and electricity P 

Jlfrf. B, True, my dear : but as we do not know in nature, of 
any substance which is not more or less combined with caloric and 
electricity, we are apt to say that a substance is in its pure state 
when combined with those agents only. 

Hydrogen was formerly called inflammable air^ as it is extremely 
combustible, and burns with a great flame. Since the invention of' 
the new nomenclature, it has obtained the name of hydrogen, 
which is derived from two Greek words, the meaning of which is 
to produce water, 

jEmily. And how does hydrogen produce water ? 

J^rt. B» By its combustion. Water is composed of 89 parts, by 
weight of oxygen, combined with 11 parts of hydrogen ; or of two 
parts, by bul'k, of hydrogen gas, to one part of oxygen g^as. 

Caroline Really ! is it possible that water should be a combina- 
tion of two gases, and that one of these should be inflammable air ! 
Hydrogen must be a most extraordinary gas that will produce both 
fire and water. 

Emily. But I thought yon said that combustion could take place 
in no gas but oxygen. « 

445. Of what color are chlorine and iodine ? 

446. What does the term hydrogen signify ? 

447. What was it formerly called ? 

448. How does hydro|^en produce water ? 

449. In what propoitions do oxygfen and hydrogen combine to 
produce water ? 10 
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Mr$. B. Do yon recollect what the proceM of combustion cod- 
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Emily. In the combination of a body with oxyg^, with diseo- 
l^agement of light and heat. 

Jfrt, B. Therefore when I say that hydrogen is combustible, I 
mean that it has an affinity for oxyg^en ; but, like all other combusti- 
ble substances, it cannot bum unless supplied with oxygen, aad 
abo heated to a proper temperature. 

Caroline. The simply mixing 11 parts of hydrogpen, with 89 parts 
of oxygen gas, will not, therefore, produce water. 

Mrs. B. No; water being a much denser fluid than gases, in or- 
der to reduce these gases to a liquid, it is necessary to diminish the 
Quantity of caloric or electricity which maintains them in an elastic 
form. 
4 Emily. That I should think might be done by combioiog the 
oxygen and hydrogen together ; for in combining, they would gi?e 
out their respective electricities in the form of caloric, and by this 
means would be condensed. 

Caroline. But you forget, Emily, that in order to make the oxy- 
gen and hydrogen combine, you must begi'n by eleyating their tem- 
perature, whicn increases, instead of diminishes, their electric en- 
ergies. 

Mrs. B. Emily is, however, right ; for though it is necessary to 
raise their temperature, in order to make them combine, as that 
combination affords them tbe means of parting with their electrici- 
ties, it is eventually tbe cause of tbe dimmution of electric energy. 

Caroline. You love to deal in paradoxes to day, Mrs. B. Fire, 
then, produces water. 

Mrs. B. The combustion of hydrogen gas certainly does; bat 
you do not seem to have remembered the theory of combustion so 
well as you thought you would. Can you tell me what happens in 
the combustion of hydrogen gas ? 

Caroline. The hydrogen combines with the oxygen, and their 
opposite electricities are disengaged in the form of caloric. Yes, I 
think I understand it now— by the loss of this caloric, the gases are 
condensed into a liquid. 

Emily. Water, then, I suppose, when it evaporates and incorpo- 
rates with the atmosphere, is decomposed, and converted into hy- 
drogen and oxygen gases. 

Mrt. B. No, my dear— there you are quite mistaken : tbe de- 
composition of water is totally different from its evaporation ; for 
in the latter case (as you should recollect) water is only in a state of 
very minute division ; and is merely suspended in the atmosphere! 
without any chemical combination, and without any separation of 
its constituent parts. As long as these remain combined, they 
form WATER, whether in a state of liquidit;^, or in that of an elastic 
fluid, as vapor, or under tbe solid form of ice. 

450. When it is said that hydrogen is combustible, what is inten- 
ded? 

451. Will simply mixing eighty-five parts of oxygen and fifteen 
of hydrogen, prodaoe water ? 

452. What is necessary? 

453. What happens in the combustion of hydrogen gas ? 

• 464. What is the difierence between tbe decomposition and evap- 
oration of water ? 



Ill 

In our ezperimeBts od latent beat, you nay raeoltoet tlwt w 
caused water successively to pass through these three forms, merel j 
by an increase or diminution of caloric, without employing any 
power of attraction, or effecting any decomposition. 

Caroline. But are there no means of decomposing water ? 

Mrf. B* Yes, several ; charcoal, and metals, when heated red 
hot, will attract the oxygen from water, in the same manner as they 
will from the atmosphere. 

Caroline, Hydrogen, I see, is like nitrogen, a poor dependant 
friend of oxygen, which is continually forsaken for greater favorites. 

Mrs, B, The connection, or friendship, as you choose to call it, 
is much more intimate between oxygen and hydrogen, in the state 
of water, than between oxygen and nitrogen, in the atmosphere ; 
for, in the first case, there is a chemical union and condensation of 
the two substances ; in the latter, they are simply mixed together 
in their gaseous state. You will find, however, that in some cases, 
nitrogen is quite as intimately connected with oxygen, as hydrogea 
is. Sut this is foreign to our present subject. 

Emily. Water, then, is an oxyd, though the atmospherical air 
is not. 

Jlfr«. B. It is not commonly called an oxyd, though, accor4in(|p to 
our definition, it may, no doubt, be referred to that class of bodies. 

Caroline. I should like extremely to tee water decomposed. 

Mrs. B. I can gratify your curiosity by a much more easy pro* 
cess than the oxydation of charcoal or metals ; the decomposition 
of water b^ these latter means takes up a great deal of time, and^is 
attended, with much trouble ; for it is necessary that the charcoal 
or metal should be made red hot in a furnace, that the water should 
pass over them in a state of vapour, that the g^ formed should be 
collected over the water bath, &c. In short, it is a very complica* 
ted operation. But the same effect may be produced with the 
g^reatest facility, by the action of the Voltaic battery, which thii 
will give me an opportunity of exhibiting. 

Caroline, I am very glad of 4hat, for Ilonged to see the power 
of this apparatus in decomposing bodies. 

Mrs. B. For this purpose 1 fill this piece of glass tube with wa* 
Fig 18. ter, and cork it 

up at both ends ; 
[through one of 
the corks I intro* 
duoe that wire 
of the battery, 
which conveya 
the positiveeleo- 

Apparatut for the decomposition of water by the VolUic Battery. tricity » aud thft 

455. What are the means of decomposing water ^ 

456. What is the difference between the Union of oxygen and 
nitrogen, and the union of oxygen and hydrogen ? 

457. May water be considered an oxyd ? 

458. What is the inconvenience of decomposing water by the 
pxydation of charcoal or metals ? 

459. How may water be decomposed by the use of the Voltaic 
|>attery f 
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wire which coDTeys the negative electricity is made to pass through 
the other cork so that the two wires approach each other sufficient- 
ly near to g^ve out their respective electricities. 

Caroline, It does not appear to me that you approach the wires 
so near as you did when you made the battery act by itself. 

Mrt. B. Water being a better conductor of electricitjr than air, 
the two wires will act on each other at a greater distance in the for- 
mer, than in the latter case. 

Emily. Now the electrical effect appears ; I see small bubbles of 
air emitted from each wire. 

Mrs. B. Each wire decomposes the water ; the positiTe by com- 
bining with its oxygen, which is negative ; the negative by com* 
bining with its hydrogen, which is positive. 

Caroline, That is wonderfully curious ! but what are the small 
bubble; of air? 

Jftfrf. B. Those that appear to proceed from the positive wire, 
are the result of the decomposition of the water by that wire. That 
is to say, the positive electricity having combined with some of the 
oxygen of the water, the particles of hydrogen which were combin- 
ed with that portion of oiygen are set at liberty, and appear in the 
form of small bubbles of gas or air. 

Emily, And I suppose the negative fluid, having in the same 
manner combined with some of the hydrogen of the water, the par- 
ticles of oxygen that were combined with it« are set free, and emit- 
ted in a gaseous form. 

Jftfff. B. Precisely so. But I should not forget to observe, that 
the wives used in this experiment are made of platina, a metal which 
is not capable of combining with oxygen ; for otherwise the wire 
would combine with the oxygen, and the hydrogen alone would be 
diseng^aged. 

Caroline. But could not water be decomposed without the elec- 
tric circle being completed? If, for instance, vou immersed only the 
positive wire in the water, would it not combine with the oxygen, 
and the hydrogen gas be given out? 

Mrs, B, No ; for as you may recollect, the battery cannot act 
unless the circle be completed ; since the positive wire will notgire 
out its electricity, unless attracted bv that of the negative wire. 

Caroline, I understand it now. out look, Mrs. B., the decompo- 
sition of the water which has been going on for some time, does not 
sensibly diminish its quantity — what is the reason of that? 

Mrt, B, Because the quantity decomposed is so extremely smalU 
If you compare the density of water with that of the g^es into 
which it is resolved, you must be aware that a single drop of water 
is sufficient to produce thousands of such small bubbles as those you 
DOW perceive. 

Caroline, But in this experiment, we obtain the oxyren and hy- 
drogen g^es mixed together. Is there any means of procuring 
the two ffases separately ? 

Jftfrf. B. They can be collected separately with gpreat ease by 

460. Which is the best conductor of electricity, water or air? 

461. What remarkable property has platina? 

46S. Why cannot water be decomposed unless the electric circle 
is completed ? 
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modifyiogf a little the experknent. Thas, if instead of one tube, we 
employ two, as you see here (c^ d.) (Fie. 19,) both tubes beio^ clos- 
ed at one end, and open at the otber ; and 
if after filling^ these tubes with water, we 
place them staoding in a glass of water (e) 
with their open end downwards, you will 
see that (he moment we connect the 
wires (a, b,) which proceed upwards from 
the interior of each tube, the one with one 
end of (he battery, and the other with the 
other end, the water in the tubes will be 
decomposed ; hydrogen will be given out 
round the wire in the tube connected with 
the positive end of the battery, and oxy- 
gen in the other, and these gases will be 
-^-jtn f d evolved exactly in the proportfoos which 

\^voh^^iZnchj7nr^^ol^ havo before mentioned, namely, two 
tbe CMC* wparate. moasures of hydrogen for one of oxygen. 

We shall now begin the experiment, but it will be some time be- 
fore any sensible quantity of the gases can be collected. 

Emily. The decomposition of water in this way, slow as it is, is 
certainly very wonderful ; but 1 confess that I should be still more 
gratified, if you could show it us on a larger scale, and by a quicker 
process. I am sorry that the decomposition of water oy charcoal 
or metals is attended with so much inconvenience. 

J\§rs. B. Water may be decomposed by means of metals without 
any difficulty ; but for this purpose the intervention of an acid is re- 
quired. Thus, if we add some sulphuric acid (a substance with the 
nature of which you are not yet acquainted) to the water which the 
metal is to decompose, the acid enables the metal to combine with 
the oxygen of tbe water so readily aod abundantly, that no heat is 
required to hasten the process. Of this 1 am going to show you an 
instance. 1 put into (his bottle the water that is to be decomposed, 
/the metal that is to effect that decomposition by combining with the 
oxygen, and tbe acid which is to facilitate the combination of tbe 
metal and the oxygen. You will see with what violence these will 
act on each other."* 



* To obtain hydrogen, fit a cork air tight to an oil flask, and pierce 
it with a burning iron, to admit a tube. Tbe tube may be of glass, 
lead, or tin, bent to a convenient shape, and put into the openinr 
made by the hot iron. Pour into the flask about a gill of water, and 
' drop into it about an ounce of zinc, granulated by melting, and 
pouring it into cold water. Then pour in half an ounce by measure 
of sulpnuric acid, and imm&iiately put the cork into its place, and 
plunge the other end of the tube under a receiver, or large tumbler, 
filled with water, and inverted in the water bath. The flask grows 
hot and the gas begins to rise, tbe instant the acid is poured in ; a 
place therefore must previously be prepared to set it ; and if nothing 
oetter is at hand, a bowl, with'a cloth in it, to prevent breaking the 
flask, and set at a convenient height will do very well. — C« 

'■ ■■..,, r 

463. How can water be decomposed so as to procure the two 
gMes teparate ? 

464. How may water be decompoeed by means of iron filings? 

10* 
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Caroline. Bat what metal is it that you employ for this purpose ? 

Jlfrf. B. It is' iron ; and it is used in the state of fihngs, as these 
present a greater surface to the acid than a solid piece of metal. 
For as it is the surface of the metal which is acted upon by the acid, 
and is disposed to receive the oxygen produced by the decomposi- 
tion of the water, it necessarily follows that the greater is the sur- 
face^ the more considerable is the effect. The bubbles which are 
now rising on the hydrogen gas — ■ — 

Caroline. How disagreeable it smells ! 

Mrs. B. It is indeed unpleasant, thoug;h I believe not particularly 
hurtful. We shall not, however, suffer any more to escape, as it 
will be wanted for experiments. I shall therefore collect it in a 
glass receiver, by making it pass through this bent tube, which will 
conduct it into the water-bath. (Fig. 20. Mo. 1.) 
Fig. 20. 




1. Apparatus for preparing and collecting hydrogen gas. 2. Receiver full 
of hydrogen gas inverted over water. 

Emilt/, How very rapidly the gas escapes ! it is perfectly trans- 
parent, and without any colour whatever. Now the receiver is full. 

Mrs, B, We shall therefore remove it and substitute another in 
Its place. But you must observe, that when the receiver is full, it 
IS necessary to keep it inverted with the mouth under water, other- 
wise the gas would escape. And in order that it may not be in the 
way, I introduce within the bath, under the water, a saucer, into 
which I slide the receiver, so that it can be taken out of the bath 
and conveyed any where ; the water in the saucer being equally ef- 
fectual m preventing iU escape as that in the bath. (Fig. 20. No. 2.) 

Emily. I am quite surprised to see what a large quantity of hy- 
drogen gas can be produced by so small quantity of water, especial- 
ly as oxygen is the principal constituent of water. 

•Mrs, B. In weight it is ; but not in volume. For though the pro- 
portion, by weight, is nearly eight parts of oxygen to one of hydro- 
gen, yet the proportion of the volume of the gases is about one part 



465. Why are iron filings, in this experiment, better than a solid 
piece of metal ? 

466. How may hydrogen gas be collected as the water is decom- 
posed f 

467. What are the proportions of oxygen and hydrogen in water i 
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of ozyjgfen to two of hydrogen ; so mach heavier is the former than 
the latter.* 

Caroline. But why is the vessel in which the water is decomposed 
so hot ? As the waler changes from a liquid to a g^aseous formi 
cold should be produced instead of heat. 

Mrs. B, No ; for if one of the constituents of water is converted 
into g^, the other becomes solid in combining with the metal. 

Emily, In this case, then, neither heat nor cold should be produ- 
ced ? 

Mrs, B. True ; but observe that the sensible heat which is dis- 
engaged in this operation, is not owiog to the decomposition of the 
water, but to an extrication of heat produced by the mixture of wa- 
ter and sulphuric acid. I will mix some water and sulphuric acid 
together in this glass, that you may feel the surprising quantity of 
heat which is disengaged by their union — now take hold of the glass. 
Caroline. Indeed f cannot ; it feels as hot as boiling water. I 
should have imagined there would have been heat enough disenga- 
ged to have rendered the liquid solid. 

Mrs. B. As, however, it does not produce that effect, we cannot 
refer this heat to the modification called latent heat. We ma^ 
however, I think, consider it as heat of capacity, since the liquid is 
condensed by its loss ; and if you were to repeat the experiment, in 
a graduated tube, you would find the two liquids, when mixed, oc- 
cupy considerable less space than (hey did separately. But we will 
reserve this to another opportunity, and attend at present to the 
hydrogen gas which we have been producing. 

If I now set the hydrogen gas which is contained in this receiver 
at liberty all at once, and kindle it as soon as it comes in contact 
with the atmosphere, by presenting it to a candle, it will so sudden- 
ly and rapidly decompose the oxygen gas, by combining with its ba- 
sis, that an explosion, ov 2^ detonation^ (as chemists commonly call it) 
will be produced. For this purpose, I need only take up the re- 
ceiver, and quickly present its open mouth to the candle so . . 

Caroline. It produced onlv a sort of hissing noise, with a vivid 
flash of light. 1 bad expected a much greater report. 

Mrs, IB, And so it would have been, had the gases been closely 
confined at the moment they were made to explode. If, for in- 
stance, we were to put in this bottle a mixture of hydrogen gas and 
atmospheric air ; and if, after corking the bottle, we should kindle 
the mixture by a very fine orifice, from the sudden dilatation of the 
eases at the moment of their combination, the bottle must either 
ly to pieces, or the cork be blown out with considerable violence. 
Caroline. But in the experiment which we have just seen, if you 
did not kindle the hydrogen gas, would it not equally combine with 
the oxygen ? 

Mrs. B. Certainly not : for, as I have just explained to you, it is 
necessary that the oxvgen and hydrogen gases be burnt together, 
in order to combine cnemically and produce water. 

* Hydrogen is about 13 times lighter than atmospheric air.^C. 



468. How much lighUr it hydrogen than common air ? 

469. How can hydrogen gas be made to produce an explosion 
with a loud report ? 

470. How can the experiment named be varied so aa to produce 
a load report? 
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CaroHne. That is true ; bat I thou^t this was a different torn* 
bioation, for I see no water produced. 

Jdrs» B. The water resuitiogf from this d^tonatioD was so small 
in qaantity, and in such a state of minute division, as to be invisible. 
But water certainly was produced ; for oxyg^en is incapable of com- 
biningf with hydrogen in any other proportions than those which 
form water ; theretore, water must always be the result of their 
combination. 

If, instead ofbring^ing the hydrogen gas into sudden contact with 
the atmosphere, (as we did just now,] so as to make the whole of it 
explode the moment it is kindled, we allow but a yery small surfoce 
of gas« to burn in contact with the atmosphere, the combustion gfoes 
on quietly and gradually at the point of contact, without any deto- 
nation, because the surfaces brought together are too small for tbe 
immediate union of the gases. The experiment is a very easy one. 
This phial, with a narrow neck, (Fig. 21, No. I.) is full of hydrogen 
gas, and is carefully corked. If 1 take out the cork without mo- 
ving the vial, and quickly approach the candle to the orifice, yon 

will see how different the result will be * 

Emily. How pretty it burns, with a blue flame ! 
The flame is gradually sinking within the phial — 
now it has entirely disappeared. But does not this 
combustion likewise produce water ? 

Mn. B, Undoubtedly. In order to make tke 
formation of the water sensible to you I shall pro- 
cure a fresh supply of hydrogen gas, by putting into 
this bottle (Fig. 21. No. 2.) iron filings, water, and 
sulphuric acid, materials similar to those which we 
have just used for the same purpose. 1 shall then 
cork up tbe bottle, leaving only a small orifice in 
the cork, with a piece of glass tube fixed to it, 
through which the gas will issue in a continued ra- 
pid stream. 

Caroline, I hear already the hissing of the gas 
through the tube, and I can feel a strong current 
against my hand. 

Mrs, B, This current I am going to kindle with 
the candle — dee how vividly it burns 

Emily. It burns like a candle with agreat flame. 

But why does this combustion last so much longer 

1. Slow combuttjonthan lu the former experiment? 

inX^^'ormZ^: •^'•'- ^- The combustion goes on uninterruptedly 

tiag the formiktion ofas loug as the ucw gas continucs to be produced. — 

wtt»r hf tb* eombut-Now if 1 iuvcrt this receiver over the flame, you will 

tioB of bydroftn gu. '' 

* The levity of hydrogen is such, that if a vessel be filled with it, 
and kept inverted, it may be carried about the room without its es- 
caping. > The above experiment therefore may be made by bring- 
ing a small jar, or tumbler of gas over a lighted lamp. — C. 

471. Can oxygen and hydrogen combine in any other propor- 
tions than to produce water? 
^12. What is represented in figure 21 ? 

473. How can it be made to burn like a candle ? 

474. If an inverted receiver filled with hydrogen gas beheld orer 
the flame of a lamp, what will be seen on its internu tur&oe ? 
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soon perceive its iDternal surface covered with a very ^ne dew, 
wbicb is pure water. — * 

Caroline, Yes, indeed ; the glass is now quite dim with moist- 
ure? How glad 1 am that we can see the water produced by this 
combustion. 

Emily, It is exactly what 1 was anxious to see ; for I confess I 
was a little incredulous. 

Jtfr.9. B. If I bad not held the glass bell over the flame, the wa- 
ter would have escaped in the state of vapor, as it did in the former 
experiment. We have here, of course, obtained but a very small 
quantity of water ; but the difficulty of procuring a proper appara- 
tus, with sufficient quantities of g^ases, prevents my showing it you 
' OD a larger scale. 

The composition of water was discovered about the same period, 
both by Mr. Cavendish, in this country, and bv the celebrated 
French chemist, Lavoisier. The latter inventedi a very perfect 
and ingenious apparatus, to perform with great accuracy ,and upon a 
lare^e scale, the formation of water by the combination of oxygen, 
and hydrogen gases. Two tubes, conveying due proportions, the 
one of oxvgen the other of hydrog^en s^s, are inserted at opposite 
sides of a large globe of fflass previously exhausted of air ; the two 
streams of gas are kindled within the globe, by the electrical spark, 
&t the point where they come in contact ; they burn together, that 
is to say, the hydrogen combines with the oxygen, the caloric is set 
at liberty, and a quantity of water is produced « exactly, equal in 
weight to that of tne two gases introduced into the globe. 

CaroUne, And what was the greatest quantity of water ever 
formed in this apparatus ? 

JIfrf. B. Several ounces ; indeed, very nearly a pound, if I recol- 
lect right ; but the operation lasted many days. 

Emily. This experiment must have convmced all the world of 
the truth of the discovery. Pray if improper proportions of the 
gases were mixed and set fire to, what would be the result ? 

Mrs. B. Water would equally be formed, but there would be a 
residue of either one or other of the gases, because, as I have al- 
ready told you, hydrogen and oxygen will combine only in the pro- 
portions requisite for the formation of water. 

Emily, Look, Mrs. B., our experiment with the Voltaic battery, 
[See Fig. 19,) has made great progress ; a quantity of gas has been 
formed in each tube, but in one of them there is twice as much as 
in the other. 

Mrs, B. Tes ; because, as I said before, water is composed of 

* The burning of a candle, lamp, wood, &c. always produces wa- 
ter. The tallow and oil contain hydrogen, and during combustion, 
it unites with the oxygen of the atmosphere. Hold a wide tube 
over a lamp, and it is soon covered with moisture. Wood contains 
hydrogen. — C. 

475. TJow is water produced by the burning of a candle^ lamp^SfC, 

476. What chemists discovered the composition of water P 

477. How would you describe the apparatus invented by Lavoi- 
sier for converting oxygen and hydrogen gases into water .' 

478. What would be the result if other proportions of oxygen 
and hydrogen gas were mixed than is proper for the production of 
water ? 
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two ¥0100)68 of hydrogen to one of ozygnen— tad if w« sbonld noir 
mix these gases together and set fire to'them by ao electrical sparky 
both gases woold entirely disappear, and a small quantity of water 
would be formed. 

There is another curious effect produced by the combustion of 
hydrogen g^, which I shall show you, though 1 must acquaint you 
first, that 1 caonot well explain the cause of it. For this purpose, I 
must put some materials into our apparatus, in order to obtain a 
stream of hydrogen gas, just as we ha?e done before. The process 
is already going on, and the g^ is rushing through the tube, I shall 
now kindle it with the taper. 

Emilv. It burns exactly as it did before — What is the curious 
effect which you are mentioning? 

Mri. B, Instead of the receiver, by means of which we have just 

seen the drops of water form, we shall invert over the flame this 

piece of tube, which is about two feet in length, and one inch in diam- 

(Fig. 22.) eter, but you must observe that it is open at both ends. 

— Emily. What a strange noise it produces! something 

like the iEolian harp, but not so sweet. 

Caroline. It is very singular indeed ; but I think rath- 
er too powerful to be pleasing. And is not this sound 
accounted for ? 

Mrs. B. That the percussion of glass, by a rapid stream 
of g^s, should produce a sound, is not extraordinary ; 
but the sound here is so peculiar, that no other ^ has a 
similar effect. Perhaps it is owing to a brisk vibratory 
motion of the glass, occasioned by the successive forma- 
tion and condensation of small drops of water on the sides 
of the glass tube, and the air rushing in to replace the 
vacuum formed.* 

Caroline. How very much this flame resembles the 
burning of a candle. 

JIfrf. B. The burning of a candle is produced by much 
the same means. A great deal of hydrogen is contained 
in candles, whether of tallow or wax. This hydrogen be- 
ing converted into gas by the heat of the candle, com- 
bines with the oxygen of the atmosphere, and flame and 
water result from the combination. So that in fact, the 
Appw^Tforflanie of a candle is owing (o the combustion of hydrog^en 
prodneinf Har-^. Au elcvatiou of temperature, such as is produced 
monictoaodt bygy a lighted match or taper, is required to ^ivetbe first 
of hyd*r°<I^«rrSi"iinp«*8® to the combustion ; but afterwards it ^es on of 
itself, because the candle finds a supply of caloric in the successive 
quantities of heat which result from the union of the two electrici- 
ties given out by the gases during their combustion. But there are 
other circumstances connected with the combustion of candles and 
lamps, which I cannot explain to you till you are acquainted with 
carbon^ which is one of their constituent parts. In general, howev- 
er, whenever you see flame^ you may infer that it is owing to the 



* This ingenious explanation was first suggested by Dr. Delarive. 
See Journals of the Koyal Institution, vol. i. p. 259. 

479. What curious experiment is exhibited in figure 22? 
460. How is a common candle made to burn ? 
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formation and burDing of hydrogen g[as*f ; for flame it the pecn- 
liar mode of burnio^ hydrogen gas, which with only one or two ap- 
parent exceptions, does oot belong to any other combustible. 

Emily. You astonish me ! 1 understood that flame was the calo- 
ric produced by the union of the two electricities, in all combus- 
tions whatever. 

Jirs, B. Your error proceeded from your Ta^e and incorrect 
idea of flame ; you have confounded it with the light and caloric in 
general. Flame always implies caloric, since it is produced by the 
combustion of hydrogen gas ; but all caloric does not imply flame. 
Coals, for instance, bum with flame, until all the hydrogen which 
they contain is evaporated ; but when they afterwaras become red 
hot, much more caloric is disengaged than when they produce 
flame. 

Caroline. But the iron wire, which yon burnt in oxygen gas, ap- 
peared to me to emit flame ; yet, as it was a simple metal, it could 
contain no hydrogen. 

Jtfrs. B. It produced a sparkling, dazzling blaze of light, but no 
real flame. 

Emily. And what is the cause of the regular shape of the flame 
of a candle ? 

Caroline. But the hydrogen gas must, from its great levity, as- 
cend into the upper regions of the atmosphere ; why, therefore, 
does not the flame continue to accompany itf 

J\ir8. B. The combustion of the hydrogen gas is 9ompleted at the 
point where the flame terminates : it then ceases to be hydrogen 
gas, as it is converted, by its combination with oxygen, into watery 
vapour; but in a state of s.uch minute division as*to be invisible. 

Caroline. I do not understand what is the use of the wick of a 
candle, smce the hydrogen gas burns so well without it. 

Mrs. B. The combustible matter of the candle must be decom- 
posed in order to emit the hydrogen gas ; and the wick is instru- 
mental in efiecting this decomposition. Its combustion first melts 
the combustible matter, and — 

Caroline. But, in lamps, the combustible matter is already fluid, 
and yet they also recjuire wicks. 

Mrs. B. I am going to add, that afterwards, the burning wick 
(by the power of capillary attraction) gradually draws up the fluid 
to the point where combustion takes place ; for you must have ob- 
served that the wick does not burn quite to the bottom. 

* Or rather Aydro-carftona^ a gas composed of hydrogen and car- 
bon, which will be noticed under the head Carbon, 

f The candle also contains carbon, which gives brilliancy to the 
flame, and the product of combination besides flame and water is 
a quantity of carbonic acid. — C. 

481. What is said in the note of the burning of a candle .? 

482. What is flame f 

483. How long will coals burn with flame? 

484. To what is the regular shape of the flame of a candle owing? 

485. If the flame of a candle is produced by Hydrogen gas, why 
is the wick necessary? 
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Caroline. Yes ; but 1 do not understand why it does not. 

Mrt. B. Because the air has not so free an access to that part of 
the wick which is immediately in contact with the candle as to the 
part just above, so that (he heat there is not sufficient to produce 
Its decomposition ; the combustion, therefore, begins a little abore 
this point.* 

Caroline, But, Mrs. B., in those beautiful lights, called gas 
lights, which are now seen in so many streets, and will, I hope, be 
soon adopted every where, I can perceive no wick at all. How 
are these lights managed f 

Mrs. B. I am glad you have put me in mind of saying* a few 
words on this very useful and important improvement. In this mode 
of lighting, the gas is conveyed to the extremity of a tube, where 
it IS kindled and burns as long as the supply continues. There is 
therefore, no occasion for a wick, or any other fuel whatever. 

Emily, But how is this gas procured in such large quantities? 

Mr 9. B. It is obtained from coal, by distillation. Coal^ when 
exposed to heal in a close vessel, is decomposed; and hydrogen, 
which is one of its constituents, rises in the state of gas, combined 
with another of its component parts, carbon, forming a compound 
gas, called Hydro-Carbonat, the nature of which we shall again 
have an opportunitjr of noticing when we treat of carbon. This 
gas, like hydrogen, is perfectly transparent, invisible, and highly 
inflammable; and, in burning, it emits that vivid light which you 
have so often observed. 

Caroline, And does the process for procuring it require nothiDg 
but heating the coals, and conveying the gas through tubes ? 

Mrs, B. Nothing else, except that the gas must be made to pass, 
immediately at its formation, through two or three large vessels of 
water,! in which it deposits some other ingredients, and especially 
water, tar, and oil, which also arise from the distillation of coals. 
The gas light apparatus, therefore, consists simply in a large iron 
vessel, in which the coals are exposed to the heat of a furnace, — 
some reservoirs of water, in which the gas deposits its impurities, 
and tubes that convey it to the desired spot, being propelled with 
uniform velocity through the tubes by means of a certain degree of 
pressure which is made upon the reservoir. 

* In the burning ofacandle, the reason why combustion does not 
take place in immediate contact with the tallow, is, that the caloric 
is here employed in converting a solid into a fluid, as explained in 
the conversation on free caloric. In the burning of a lamp, if the 
same thing takes place, it is because the metallic tube through 
which the wick passes, conducts off the heat. — C. 

t The gas is passed through one vessel of slacked lime and water 
to absorb the carbonic acid gas, with which it is always more or 
less mixed, when first distilled. — C. 

486. Why is it that the wick of a candle does not bum to the bot* 
torn? 

487. How are gas lights made to burn without wicks P 

488. What is the gas called, used in lighting the streets of some 
large cities ? 

489. How is it obtained? 

490. Of what does the gas light apparatof connst? 
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Emiljf. What an admirable cootriTance ! Do you not thiDk, Mrs. 
B.y that it will soon be uoiversally adopted ? 

Jlfrir. B. Most probably } for the purpose of lighting^ streets, offi- 
ces, and public places, it farsarpasses any former ioyeDtion ; but in 
regard to the interior of private houses, this mode of lighting hat not 
yet been sufficiently tried to know whether it will be found gene- 
rally desirable, either with respect to economy or conrenience. it 
may, howerer, be considered as one of the happiest applications of 
chemistry to the comforts of life ; and there is erery reason to sap- 
pose that it wiU answer the full extent of public expectation. 

I hare another experiment to show you with hydrogen gas, which 
I tbijrlc, will entertain you. Hare you erer blown babbles with 
soKp apd water ? 

Sfnily, Fes, often, when I was a child ; and I used to make them 
float in the air by blowing them upwards. 

Mr», B. We shall fill some bubbles with hydrogen gas, instead 



gC atmospheric air, and you will see with what ease and rapidity 
tkey will ascead, without the assistance of blowing, from the light- 
I of the gas.-^Will you mix some soap and water, whilst f fiU 



thi» bladder with the gas contained in the receirer which islands on 
the shelf in the water bath ? 

Caroline. What is the use of the brass stopper and turn-cock at 
the top of the receiyer ? 

Jftfrf. B. It is to afford a passage to the gfas, when required. There 
Uf yovL see, a similar stop-cock fastened to this bladder, which is 
made to fit on the receiyer. I screw them one on the other, and 
■ow turn the two cocks, to open a communication bctwe^i the re- 
ceiyer and the bladder ; then, by sliding the receiyer cff the shelf, 
mod gently sinking into the bath, the water rises in the receirer, 
and forces the gas into the bladder. (Fig. 23, No. 1.) 

CartkUnt. Tes. I see the bladder swell as the water rises in the 
reooirer. 

^fr«. B. I think that we bare already a sufficient quantity in the 
bladder for our purpose ; we must be careful to stop both the cocks 
before we separate the bladder from the receiver, lest the gas should 
e8eape.-^Now I must fix a pipe to the stopper of the bladder, and by 
dipping its mouth into the soap and water, take up a few drops : 
then I again turn the cock, and squeeze the bladder, in order to 
force the gas into the soap and water, at the mouth of the pipe. 
(P^. 23, No. 2.) 

Emily, There is a bubble ; but it bursts before it leaves the 
aouth of the pipe. 

Jlfr#. JB. We must have patience and try antn ; it is not easy 
to bk»w bubbles by means of a bladder, as simply with the brettlu 

Caro^fie. Perhaps there is not soap enough in the water. I should 
hare had warm water ; it would haye dissolyed the soap better. 

Endly, Does not some of the gas escape between the bladder 
And the pipe? 

491. What is said of lighting streets, offioes, and public places 
with this gas ? 

492. How can bubbles of soap ic water be made to fleet in the ftir ? 
How can these bubbles be made so as to explode on setting fire 

to them ? (See page 123.) 

493. What is represented in 23, No. 1 tnd 2 ? 

11 




Ko . J . Appamtos for trans ferrinp |raae> from a RecaiTcr into a bladder. No. 2. ApparttM for 

blowing Soap bubble*. 

Jurt, B, No. ; they are perfectly air tight ; we shall succeed 
presently, I dare say. 

Caroline. Now a bubble ascends ; it moves with the rapidity of 
a balloon. How beautifully it refracts the light. 

Emily, It has burst against the ceiling — you succeed now won- 
derfully ; but why do thejr all ascend and burst against the ceiling? 

fMrt, B. Hydrogen gas is so much lighter than atmospherical tir, 
that it ascends rapidly with its very light envelope, which is burst 
by the force with which it strikes the ceiling. 

Air-balloons are filled With this gas, and if they carry no other 
weight than their covering, would ascend as rapidly as these bubbles. 

Caroline, Yet their covering must be much heavier than that of 
these l)ubbles ! 

Mn. B. Not in proportion to the quantity of gas they contain. 
I do not know whether you have ever been present at the filling (^ 
a large balloon. The apparatus for that purpose is very simple. 
It consists of a number of vessels, either jars or barrels, in which 
the materials for the formation of the gas are mixed, each of these 
being^ furnished with a tube, and communicating with a long flexi- 
ble pipe which conveys the gas into the balloon. 

Emily, But the fire-balloons which vere first invented, and have 
been since abandoned, on account of their beine so dangferous, 
were constructed, I sujf)pose, on a different principle. 

Mrt. B, They were filled simply with atmospherical air, consider- 



494. With what are air balloons filled } 

495. What is the apparatus for filling a large balloon with hydro- 
gen gas .' 

496. With what were fire balldons filled? 

497. Why were they abandoned ? 
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My rarefied by heat ; and the neceteitj of having a fire anderoeath 
the balloon, in order to preserve the rarefaction of the air within it, 
was the circurostaDce prodactiFe of so much danger. 

If you are not yet tired of experiments, I have another to show 
you. It consists in filliog soap- babbles with a mixture of hydrogen 
and oxygen gases, in the proportions that form water ; and after- 
wards setting fire to them. 

Emily. They will detonate* I suppose. 

Mrt. B. Tes, they will. As you have seen the method of trans* 
fierring the g^s from the receiver into the bladder, it is not neces- 
sary to repeat it. I have therefore provided a bladder which con- 
tains a due proportion of oxygen and hydrogen gases, and we have 
only to blow bubbles with it. 

Caroline, Here is a fine large bubble rising — shall I set fire to it 
with a candle ? 

Mrt, B, if you please. 

Caroline^ Heavens, what an explosion l'^ It was like the report 
of a gun : I confess it frightened me much. I never should have 
imagined it could be so loud. 

Emily. And the flash was as vivid as lightning. 

Mrs, B, The combination of the two gases tokes place during 
that instant of time that you see the flash, and hear the detonation. 

Emily, This has a strong resemblance to thunder and lightning.f 

Mn. B. These phenomena, however, are generally of an electri- 
cal nature. Yet various meteorological effects may be attributed 
to accidental detonations of hydrogen gas In the atmosphere ; for 
nature abounds with hydrogen ; it constitutes a very considerable 
portion of the whole mass of water belongioe to our globe, and from 
4hat source almost every body obtains it. It enters into the com^ 
position of all animal substances, and of a g^eat number of minerals ; 
out it is most abundant in vegetables. From this immense variety 
of bodies it is often spontaneously discharged ; its great levity 
makes it rise into the superior regions of the atmosphere ; ana 
when, either by an electrical spark, or any casual elevation of tem- 
perature it takes fire, it may produce such meteors or luminous 
appearances as are occasionally seen in the atmosphere. Of this 
kind are probably those broad flashes which we often see on a 
summer evening, without hearing any detonation. 

Emily, £ verv flash, I suppose, must produce a quantity of water f 

Caroline, And this water, naturally, descends in the form of rain. 

Mrt,B, That probably is often the case, though it is not a neces- 

* In making this experiment, always be careful to turn the stop- 
cock, or detach the bubble completely from the pipe before it is set 
fire to ; otherwise a sad accident may happen from the gas taking 
fire in the bladder. — C. 

f The report is owing to the air, rushing in to fill the vacuum, 
caused by the condensation of the two g^es, and the heat extrica<* 
ted at the same instant. — C. 



498. How can bubbles be made of soap and water so as to ex- 
plode with a loud report, on setting fire to them } 

499. To what i» it said in the note that the report is owing 7 

500. In what substances is hydrogen most abundant ? 
601. How may heat lightning be accounted for f 
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nrj c— ■oq wace ; for the water majr W disselred by flie fttnoi' 
pkcre» M it desceodt towards the lower regions, aad remain tiMve 
m the form of clouds. 

The application of electrical attraction to chemical pfaeoomeaa is 
likely to lead to many re^y interestiog discoveries in meteorolof^ ; 
for etoetrictty erideatly acts a most important part in the atmos* 
phere. This subject, however, is, as yet, not sufficiently developed 
for roe to venture enlarging upon it. The phenomena of the at- 
mosphere are far from being well understood : and eren with the 
little that is known, 1 am but imperfectly acquainted. 

But before we take leave of hydrogen, I must not omit tomes* 
tion to yon a most interesting discovery oi Sir H. Davy, which is 
connected with this subject. 

Caroline* Ton aUude, 1 suppose, to the new minei^s lamp, which 
has of late been so much talked of. I have long been desirous af 
knowing what that discovery was, and what purpose it was intend- 
ed to answer. 

Mr»* B. It often happens in coal-mines, that quantities of the gas 
called by chemists hydro carbonate or bjr the miners^r^ damp^ (the 
same from which the gas lights are obtained,) ooze out from the fis- 
sures in the beds of coal, and fill the cavities in which the men are 
at work ; and this gas being infiammable, the consequence is, that 
when the men approach those places, with a lighted candle, the gas 
takes fire, and explosions happen, which destroy the men and horses 
omplo^^ed in that part of the colliery, sometimes in great nutnbcra 

Enuly. What tremendous accidents these must be I But whence 
^oes Ubit gas originate P 

Mrs. B. Being the chief product of the combustion of coal, ne 
wonder that inflamoiable gaa should occasionally appear in sitnSfi 
tiotts in which this mineral abounds, since there can be no doubt 
thai processes of oombnstion are frequently taking place at a great 
depth under the surface of the earth ; and, therc&re, these accu- 
malatioiM of gas may arise either from combiKtions actually going 
on, or from former eorobustionsy the gas having perhaps been oo»> 
fined there from ages. 

Caroline. And lu>w does Sir H. D&vy^ lamp prevent those dread- 
ful explosions. 

Mrs. B. By a contrivance equally simple and ingenious ; and 
one which does no less credit to the philosophical views from which 
it was deduced, than to the philanthropic motives from whidi the 
inquiry sprung. The principle of the lamp is shortly this : It was 
ascertained two or three years ago, both by Mr. Tenant, and by Sir 
Humphrey himself, that the combustion of inflammable gas could 
not be propagated through small tubes ; so that if a jet of an in- 
flammable gaseous mixture, issuing from a bladder, or any other 
vessel, through a small tube, be set fire to, it burns at the orifice of 
the tube, but the flame never penetrates into the vessel. It is upon 
this fact that Sir Humphrey's safety lamp is founded. 

EmUy. But why does not the flame ever penetrate through the 

BOt, Is It supposed that the subject of meteorology is well under- 
stood? 

503. What disastrous effects often happen in ceal- mines ? 

504. Whence does the hydrogen gas in mines originate P 

505. Upon what discovery of Mr. Tenant and Sir H. Davy was 
the miner's safety lamp founded ? 
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fabe iDto the Tessel from which the gas issues, so as to explode at 
ooce the whole of the gas ? 

•Afr«. B^ Because, no doubt, the inflamed gas is so much cooled 
in its passage through a small tube as to cease to burn before the 
combustion reaches the reservoir. 

Caroline, And how can this principle be applied to the construc- 
tion of a lamp? 

Jdrs. B. Nothing easier. Tou need only suppose a lamp enclo- 
sed all round in glass or horn, but having a number of small open 
tubes at the bottom, and others at the top, to let the air in and out. 
Now, if such a lamp or lanthorn be carried into an atmosphere ca- 
pable of exploding, an explosion or combustion of the gas will take 
place wMtnthe lamp ; and although the vent afforded by the tubes 
will save the lamp from bursting, jet from the principle just ex- 
plained, the combustion will not be propagated to the external air 
through the tubes, so that no farther consequence will ensue. 

Emily, And is that all the mystery of that valuable lamp ? 

Mrs, B, No ; in the early part of the inquiry, a lamp of this kind 
was actually proposed ; but it was but a rude sketch compared to 
its present state of improvement Sir H. Davy, after a succession 
of trials, by which he brought his lamp nearer and nearer to per- 
fection, at last conceived the happy idea that if the lamp were sur- 
rounded with a wire- wick or wire-gauze, of a close texture, instead 
of glass or horn, the tubular contrivance I have just described 
would be entirely superseded, since each of the interstices of the 
gauze would act as a tube in preventing the propagation of explo- 
sions : so that this previous metallic covering would answer the va- 
rious purposes of transparency, of permeability to air and of pro- 
tection against explosion. This idea, Sir Humphrey immediately* 
submitted to the test of experiment, and the result has answered 
his most sanguine expectations, both in his laboratory and in the 
colleries where it has already been extensivel}^ tried. And he has 
now the happiness of thiokmg that his invention will probably be 
the means of saving every year a number of lives, which would 
have been lost in digging out of the bowels of the earth one of the 
roost valuable necessaries of Fife. Here is one of these lamps, every 
part of which you will at once comprehend. (Fig. 24.) 

Caroline, How very simple and ingenious! But I do not yet well 
see why an explosion taking place within the lamp, should not 
communicate to the external air around it, through the interstices 
of the wire.^ 

Mrt, B. This has been and is still a subject of wonder, even to 
philosophers ; and the only mode they have of explaining it is, that 
flame or ignition cannot pass through a fine wire work, because 
the metallic wire cools the flame sufficiently to extinguish it in 
passings through the eauze. This property of the wire gauze is 

Suite similar to that ef the tubes which I mentioned on introducing 
tie subject ; for you may consider each interstice of the (^uze at 
an extremely short tube of a very small diameter. 

506. Why does not flame penetrate through a tube that conveys 
hydrogen gas so as to produce an explosion.^ 

507. How would you describe the miner's lao^p ? 

508. What is the use of the miner's lamp f 

509. Whieh figure represents the miners lamp f 
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fttxratnt. 



ISmily. But I should expect the 
wire would oflen become red hot, by 
the buruiog of the gas within the lamp. 

MrM, B, And this is actually the 
case ; for the top of the lamp is v&^j 
apt to become red hot. But fortun- 
ately, such inflammable, gaseous mix- 
tures as are found in the mines can- 
not be exploded by the red hot wire, 
(he intervention of actual flame being 
reiquired for that purpose ; so that the 
wire docs not set fire to the explosive \r^ 
gas round it. 

Emily* I can understand that ; but 
if the wire be red hot, how can it cool 
the flame within, and prevent its pas- 
sing through the gauze ? 

•Ifri . B. The gauze, though red 
hot, is not 80 hot as the flame by which 
it has been heated ; and as metallic 
wire is a good conductor, the heat 
does not much accumulate in it, as it 
passes ofl* quickly to the other parts 
of the lamp, as well as to any con- 
tiguous bodies. 

Caroline. This is indeed a most in- 
teresting discovery, and one which j 
shows at once the immense utility ^Jj 
with which science may be practical-*^ — 
ly applied to some of the most impor- 
tant purposes. 



CONVERSATION VHI. 

eir sfrLPHUR and phosphorus. 

JUrt, B, Sulphur is the next sub- 
stance that comes under our consid- 
eration. It differs in one essential 
nointfrom the preceding, as it exists 
in a solid form at the temperature ^ 
(he atmosphere. 

Onroline. I am glad that we have 
^t last a solid body to examine : one 
that we can see and touch. Pray, is 



Fig. 84. 



^ 



it not with sulphurthat thepoiots of ™ X2;J^.t:i:Jr'r"'2;tSr 
matches are covered, to make them ou. e. a^iNfortrimminf ui««n* d- 
easily kindle? F.tlMwir•guB•oJI•lkl«•.o.«4«lM•t«^ 



510. What is necessary to produce ezplosioDS id lAflamiM^^ 
gaseous mixtures? 

511. In what state does sulphur exist? 



tTTL^Htfft. 
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JUn, S. Tes, it is ; add yon therefore, already know, that snlpbiir 
is a rery combustible substance. It is seldom discovered in nature 
in a pure uomixed state ; so great is its affioit;^ for other substances 
that It is almost constantlv found combined with some of them. It 
is most commonly united with metals, under yarous forms, and is 
separated from them by a very simple process. It exists, likewise, 
in many mineral waters, and some yegetables yield it in various pro- 
portions, especially those of the cruciform tribe. It is also found 
m animal matter ; m short, it may be discovered, in greater or less 
quantity in the mineral, veretable, and animal kingdoms.* 

Emily. I have heard of flowers qftulphur — are they the produce 
of any plant? 

Jlfr#. B^ By no means ; they consist of nothing more than com- 
mon sulphur reduced in a very fine powder by a process called 
sublimation, -^You see some of it in this phial ; it is exactly the 
same substance as the lump of sulphur, only its color is a paler yel- 
low, owing to its state of very minute division. 

Emily. Prajr what is sublimation? 

J^rt. B. It is the evaporation, or more properly speaking, the 
volatilization of solid substances, which, in cooling condense again 
into a concrete form. The process, in this instance, must be per- 
formed in a closed vessel, both to prevent combustion, which wou)d 
take place if the access of air were not carefully precluded, and 
likewise, in order to collect the substance after the operation. As it 
is rather a slow process we shall not try the experiment now ; but 
you will understand it perfectly if I show you the apparatus used for 
the purpose, (fig. 25.) Some lumps of sulphur are put into a receiver 



Fig. 25, 




Sublimation of Sulphur. 

A. Altmbie. 3. SKnd-batb. 

C. Fnmaet. 



of this kind, which is called a cttcurbiL 
Its shape you see somewhat resembles 
that of a pear, and is open at the top, so 
as to a^dapt itself exactly to a kind of con- 
ical receiver of this sort, called the head. 
The cucurbit, thus covered with its head 
is placed over a sand-bath ; this is nothinjg^ 
more than a vessel full of sand, which is 
kept heated by a furnace such as you see 
here, so as to preserve the apparatus in a 
moderate and uniform temperature. The 
sulphur then soon begins to melt, and im- 
mediately after this a thick white sniokc 
rises, which is gradually deposited within 
the head, or upper part of the apparatus, 
where it condenses against the sides, 
somewhat ii) the form of vegetation, 
whence it has obtained the name of flow- 
ers of sulphur. This apparatus, which 
is called an alembic, is highly Useful in 
att kinds of distillations, as you wiH see 



♦The sulphur of commerce is chiefly obtained in the vicinity of 



612. In what may it be found ? 

513. flow do the flowers of sulphur differ from sulphur in a sohd 

514. What is sublimation? [state? 
616. What does figure 25 represent? • _i > 
616. From what is the name "Ftowers of sulphur^ derived f 
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when we come lo treat of those operations. Alemhicf are not com- 
moDly made of glass, like this which is applicable only to distilla- 
tion upon a very small scale. Those used m manufactures are gen* 
erally made of copper, and are of course considerable larger. The 
general construction, however, is always the same, although their 
shape admits of some variation. 

Caroline, What is the use of that neck, or tube, which bends 
down from the upper piece of the apparatus? 

Mrt, B. It is of no use in sublimations; but in distillations (the 
general object of which is to evaporate, by heat, in closed vessels 
the volatile parts of a compound body, and lo condense them again 
into a liquid,) it serves to carry off the condensed fluid, which oth- 
erwise would fall back into the cucurbit. But this is rather foreign 
to our present subject. Let us return to the sulphur. You now 
.perfectly understand I suppose, what is meant by sublimation ? 

Emily. 1 believe I do. Sublimation appears to consist in de- 
stroying by means of heat, the attraction of aggregation of the par- 
ticles of a solid body, which are thus volatilized ; and as soon as 
they lose the caloric which produced that effect, they are deposited 
in the form of a fine powder. 

Caroline. It seems to me to be somewhat similar to the transfor- 
mation of water into vapor, which returns to its liquid state when 
^ deprived of caloric. 

Emily. There is this difference, however, that the sulphur does 
not return to its former state, since instead of lumps, it changes to 
a fine powder. 

Mrs, B. Chemically speaking, it is exactly the same substance, 
whether in the form of lump or powder. For if this powder b« 
melted again by heat, it will, in cooling, be restored to 4he same 
solid state in which it was before its sublimation. 

Caroline. But if there be no real change produced by the subli- 
mation of the sulphur, what is the use of that operation ? 

Nrt. B. It divides the sulphur into very minute parts, and thas 
disposes it to enter more readily into combination with other bodies. 
It IS used also as a means of purification. 

Caroline. Sublimation appears to me, like the beginning of com- 
bustion, for the completion of which one circumstance only is want- 
ing, the absorption of oxygen. 

Jifrt. B But that circumstance is every thing. No essential al- 
teration is produced in sulphur by sublimation ; whilst in combas- 
tion it combines with the oxygen, and forms a new compound totally 
different in every respect from sulphur in its pure state. We shall 
now bum some sulphur, and you will see how very different the re- 

Tolcaooes, or io volcanic ccftintries, where it is broni^ht up from tht 
bowels of the earth by tublimation. An inferior kmd is obtained 
by the distillation of pyrites.-- O. 

517. What effect is produced if the flowers of sulphu r are melted ? 

518. If no real change is produced by the sublimation of sulphar, 
what is the use of that operation ? 

519. What is the difference between the sublimation and com- 
bustion of sulphur.^ 

520. If sulphur is burnt what will be the result I* 



mH wiU be. Forthis parpoie I pit a finaU qoaotfty of flo«r«n of 
sulphur into this cup, and place it in a dish, into which I hare poor* 
(Ml a little water; 1 now set fire to the snlphnr with the point of this 
hot wire ; for its combustion will not begin unless its temperature 
be considerably raised. Ton tee that it bums with a faint bluish 
flame ; and as I invert of er it this receiver, white fumes arise (rem 
the s«ilpbur, and fill the vessel. Ton will soon perceive that the 
water is rising^within the receiver, a little above its levd in the 
plate. Welt, £lrailj, can 700 account for this ? 

Emily. I suppose that the sulphnr has absorbed the oxygen from 
the atmospherical air within the receiver, and that we shall find 
some oxygenated sulphur in the cvp. As for the white smoke, 1 
am quite at a loss to guess what it may be. 

Jar#. B. Tour first conjecture is verv right ; but you are mit- 
taken in the last ; for nothing will be left in the cnp. The white 
vapor is the oxygenated sulphur, which assumes the form of an 
elastic fluid of a pungent and offensive smell, and is a powerful acid. 
Here yon see a chemical combination of oxygen and sulphur, pro* 
ducing a true gas, which would continue such under the pressure 
and at the temperature of the atmosphere, if it did not unite with 
the water in the plate, to which it imparts its acid taste, and att 
its acid properties. You see now with what curious effects the 
combustion of sulphur is attended. 

Cin-e/me. This is something quite new ; and I confese that I do 
not perfectly understand why the sulphur turns acid. 

Mrt, B. It is because it unites with the oxygen, which it the 
acidifying principle. And indeed, the word oxp^en is derived fron 
two Greek words signifying to produce en add, 

Carolint, Why, then, is not water which contains such a qnaa- 
tity of ozygeo, acid ? 

Jtfrf. if. Because hydrogen, which is the other constituent of 
water. Is not snsceptiue of acidification. 1 believe it will be ne* 
eessary before we proceed further, to say a few words on the gei»- 
«ral nature of aeids, tliough it Is rather a deviation from our planeC 
examining the simple bodies separately, before we consider them 
in a state of combustion. 

Acids may be considered as a peculiar class of humi^ bodies, 
which during their combustion or combination with oxygen, have 
fikcquired very characteristic properties. They arochieflv discern- 
ible by their sour taste, and by turning red most of the blue veMt- 
able colors. These two properties are common to the whole class 
of acids ; but each of them is distinguished by other peculiar qnat- 
ities. Every acid consists of some peculiar substance, (wniob 

• This might mislead the student. The acids are not idl of them 
formed by burning. All the vc^table acids, as the citric, malio, 
&c. exist ready formed : some of them are contained in fruits, at 
in lemons, apples, be, — C. 

521. What is the acidifying principle ? 

622. What docs the term oxvgen signifjr ? 

523. If oxygen is the acidifying principle, why does not water 
become acid, since it contains so much of that gas ? 
. 524. Of what do acids consist? 
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constitutes its basis, and i» different in each,) and of oxygen, which 
is common to them all. 

Emily* But I do not clearly see the difference between acids and 
oxyds. 

Mrs, B» Acids were in fact oxyds, which, by the addition of a 
certain quantity of oxygen, have been conrerted into acids. For 
acidification, you must observe always implies previous oxydatioD, 
as a body roust have combined with the quantity of oxygen requis- 
ite to constitute it an oxyd, before it can combine with the greater 
quantity which is necessary to render it an acid. 

Caroline. Are all oxyds capable of being converted into acids ? 

Mrs, B. Very far from it ; it is only certain substances which will 
enter into that peculiar kind of union with oxygen that produces 
acids, and the number of these is proportionally very small ; but all 
burnt bodies may be considered as belonging either to the class of 
oxvds, or that of acids. At a future period, we shall enter more 
at large into this subject. At present I have but one circumstance 
further to point out to your observation respecting acids; it is, that 
most of them are susceptible of two deg^rees of acidification, ac- 
cording to the different quantities of oxygen with which their bases 
combines. 

Emily. And how are these two degrees of acidification distin- 
guished I 

Mrs. B. By the peculiar properties which result from them. — 
The acid we have just made is the first or weakest degree of acidi- 
fication, and is called sulphureous (icid—i( it were fully saturated 
wit]i oxygen it would be called sulphuric add. You must therefore 
remember, that in this, as in all acids, the first degree of acidifica- 
tion is expressed by the termination in ous — the stronger by the 
termination in ic, 

Caroline. And how is the sulphuric acid made ? 

Mrs. B. By burning sulphur over water, in pure oxygen gas, 
and thus rendering its combustion much more complete. I have 
provided some oxygen gas for this purpose ; it is in that bottle, but 
we must first decant the gas into the glass receiver whicn stands on 
the shelf in the bath, and is full of water. 

Caroline. Pray, let me try to do- it, Mrs. B. 

Mrs. B. It requires some little dexterity — hold the bottom com- 
pletely under water, and do not turn the* mouth upwards, till it is 
immediately under the aperture in the shelf throogb which the g^s 
is to pass into the receiver, and then turn it up gradually. Very 
well ; you have only to let a few bubbles escape, and that must be 
expected at a first trial. Now I shall put this piece of sulphur in* 
to the receiver, through the opening at the top, and introduce along 
with it a small piece of lighted tinder to set fire to it. This requires 
to be done very quickly, lest the atmospherical air should obtain en- 
trance and mix with the pure oxygen gas. 

Emily. How beautiful it burns ! 

Caroline, But it is already buried in the thick vapour. This, I 
suppose, is sulphuric acid f 

525. What is the difference between oxyds and acids? 

526. Are all oxyds capable of becoming acids ? 

527. What is the difference between sulphureous acids and sul- 
phuric acids f 528. How is sulphuric acid obtained ? 
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Emily. Are tbete acids always ia a gfaseous state ? 

Jdrt, B. Salphureoas acid, as we hare already obserred, is a per- 
maneot gas, and can be obtained in a liquid form only by conden- 
sing it in water. In its pure state, the sulphureous acid is imrisible, 
and it now appears in tbe form of a white smoke, from its combining 
witb the moisture. But the vapor of tbe sulphuric acid, which you 
hare just seen to rise during the combustion, is not g^s, but only a 
vapor, which condenses into liquid sulphuric acid, by losing its ca- 
loric. It appears, however, from Sir H. Davy's experiments, that 
this formation and condensation of sulphuric acid requires the pres- 
ence of water, for which purpose, the vapour is received into cold 
water, which may afterwards be separated from the acid by the 
evaporation. 

Sulphur has hitherto been considered as a simple substance ; but 
Sir H. Davv has suspected that it contains a small portion of hy- 
drogen, and perhaps also of oxygen. 

On submitting sulphur to the action of a Voltaic battery, be ob- 
served, that the negative wire g^ve out hydrogen ; and the exist- 
ence of hydrogen in sulphur was rendered still more probable by 
bis observing that a small quantity of water was produced during 
tbe combustion of sulphur. 

Emily, And pray of what natnre is sulphur when perfectly pure ? 

JIfrf. B, Sulphur has probably never been obtained perfectly free 
from combination, so that its radical may possibly possess proper- 
ties very different from those of common sulphur. It has been sus- 
pected to be of a metallic nature ; but this is mere conjecture. 

Before we quit the subject of sulphur, I must tell you that it is 
susceptible of combining with a great variety of substances, and 
especially with hydrogen, with which ^ou are already acquainted. 
Hydrogen gas can dissolve a small portion of it. 

EmUy, What! can a gas dissolve a solid substance ? 

Jlfr«. B. Yes ; a solid substance may be so minutely divided by 
heat, as to become soluble in gas ; and of this there are several in- 
stances. But you must observe, that, in the present case, a chemi- 
cal union or combination of the sulphur with tbe hydrogen gas is 
produced. In order to effect this, the sulphur must be strongly 
be^ed in contact with the gas ; and the heat reduces the sulphur 
to such a state of extreme division, and diffuses it so thoroughly 
with the g^s, that they combine and incorporate together. And as 
a proof that there must be a chemical umoo between the sulphur 
and the gas, it is sufficient to remark that they are not separated 
when the sulphur loses the caloric by which it was volatilized. Be- 
sides, it is evident, from the peculiai^ fetid smell of this gas, that it 
is a new compound totally different from either of its constituents ; 
it is called nilphureUed hydrogen gcu^ and is contained in great 
abundance in sulphureous mineral waters. 

Caroline. Are not the Harrogate waters of this nature ? 

529. Are sulphureous & sulphuric acids always in a gaseous state ? 

530. What was Sir H. Davy's opinion concerning sulphur ? 

531 . What is sulphur in its pure state ? 
53?. Can a gas dissolve a solid substance ? 

533. How can it be done ? 

534. How is it known that the union between hydrogen gte and 
lulpbar is a chemical union ? 

536. What is the product of this union ? 
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Jtfrt. B, Tet ; they are natormUy imprepMded with wlphurittfld 
hydrog^eo g^s, Md (here are naDy other spriofpi of the lane kindi 
which show that this gai mast oftea be formed Id the bowebof tbe 
earth by spontaoeoiM prooesset of nature. 

Caroltfte. And eoald not inch watera be made artifioiaily by im* 
prepaatiDg^ commoD water with this rasf 

Mrt.B, Yes; they cao be so well iisitated, as perfectly to rt- 
semble the Harrogate waters. 

Sulphur combines hkewise with phosphenu, and with the sUn- 
lies, and alkaline earths, sabetances with which yon are yet nosC' 
qnainted. We cannot, therefore, enter into these conibioatioMit 
present. In oar next lesson we shall treat of phosphorus. 

Emify. May we not begin that subject to day ; this lessoD hti 
been so short f 

JIfrt. B I hare no objedioo, if you are not tired. What do yoa 
say, Caroline ? 

Caroline. 1 am as desirous as Emily ef protongiag the lesson to- 
day, especially as we are to eater on a new subject ; for I cooftM 
that sulphur has not appeared to me so interesting as the other lia- 
ple bodies. 

Jin. B. Perhaps you may find phosphorus more entertsioiof . 
ITou must not, howerer, be discouraged when you oieet with some 
parts of a study less amusiag than others ; it would answer no good 
purpose to select the most pleasing (Mnrts, since if we did not proeeed 
with some methodi in order to acquire a general idea of the whols, 
we could scarcely expect to take interest in any particular subjects* 

PHOSPHomirs. 

Phosphorus is considered as a simple body ; though, like ftulphar, 
it has been suspected of containing hydrogen. 1 1 was not kuovro by 
the earlier chemists. It was first discoyered by Braodt, a cheroiitof 
Hamburg, whilst employed in researches after the philosopber*! 
stone; but the method of obtaining it remained a secret till it was a 
second time discovered both by Kunckleand Boyle, in the 3 ear 1680. 
You see a specimen of phosphorus in this pbial ; it is generally 
moulded into small sticks of a yellowish color, as you findit bete. 

Caroline. I do not understand in what the discoTory consisted: 
there may be a secret method of making an artificial compositioo; 
but how can you talk of mnArtng a composition which naturally exists? 

Jlfr«. B. A body may exist in nature, so closely combined vritb 
other substances, as to elude the observation of chemists, or render 
it extremely difficult to obtain it in its separate state. This is the 
case with phosphorus, which is so intimately combined with other 
substances, that its existence remained unnoticed till Brandt dis- 
covered the means of obtaining it free from other combinations. It 
is found in all khimal substances, and is now chiefly extracted from 

636. What is there which shows that this gas is sonetimes form- 
ed spontaneously in the bowels of the earth ? 

537. By whom was phosphorus discovered ? 

538. What is the appearance of it f 

539. How is phosphorus obtained ? 



bones by a chemical process. It exists also in some plants, that bear 
a stronff analogy to animal matter in their chemical composition. 

JSnUJy. But is it never found in its pure separate state ? 

Mrt. B, Never ; and this is the reason why it remained so lon^ 
ondiscoYcred. 

Phosphorus is eminently combustible ; it melts and takes fire at 
the temperature of one hundred degrees, and absorbs in its com- 
bustion, nearly once and a half its own weight of oxygen. 

Caroline. Whatl will a pound of phosphorus consume a pound 
and a half of oxygen ? 

Mrt, B. So it appears from accurate experiments. I can show 
yon with what violence it combines with oxygen, by burning some 
of it in that gas. We must manage the experiment in the same man- 
ner as we did the combustion of sulphur. You see 1 am obliged to 
cut this little bit of phosphorus under water, otherwise there would 
be danger of its taking fire by the heat of my fingers. 1 now put 
it into the receiver, and kindle it by means of a hot wire. 

Emily. What a blaze ! 1 can hardly look at it. I never saw any 
thing so brilliant. Does it not hurt your eyes, Caroline f 

Caroline. Yes ; but still I cannot help looking at it. A prodi- 
gious quantity of oxygen must, indeed, be absorbed, when so much 
ligbt and caloric are disengaged ! 

Mrt, B. In the combustion of a pound of phosphorus, a sufiScient 
quantity of caloric is set free, to melt upwards of a hundred pounds 
of ice ; this has been computed by direct experiments with the ca- 
lorimeter. 

Emily. And is the result of this combustion, like that of sulphur, 
an acid ? 

Mrt. B. Yes ; phosphoric acid. And had we duly proportioned 
the phosphorus and the oxygen, they would have been completely 
converted into phosphoric acid, weighing together, in this new state, 
exactly the sum of their weights separately. The water would have 
ascencCed into the receiver, on account of the vacuum formed, and 
would have filled it entirely. In this case, as in the combustion of 
sulphur, the acid vapor formed is absorbed and condensed in the 
water of the receiver. But when this combustion is performed with- 
out any water or moisture beine present, the acid then appears in 
the form of concrete whitish flakes, why^h are, however, extremely 
ready to melt upon the least admission of moisture. 

Emily, Does phospliorus, in burning in atmospherical air, pro- 
duce like sulphur, a weaker sort of the same acid ? 

Mrt, B. No ; but it burns in atmospherical air, nearly at the same 
temperature as in pure oxygen gas ; and it is in both cases so strong- 
ly disposed to combine with the oxygen, that the combustion is per- 
fect and the product similar : onlv in atmospherical air, being less 
ra[^ly supplied with oxygen, the process is performed in a slow 
manner. 

540. Why was it for a long time undiscovered ? 

^1. At what temperature will it melt and take fire ? 

54t. What proportion of oxygen will phosphorus consume, com* 
pared with its own weiglit f 

543. How much caloric will the combustion of a pound of pboa* 
pllortts set free f 

644. What is the result of the combustion of photpbomi > 
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Caroline, But is there no method of acidifjtog phosphorus io • 
slighter manner, so as to form photphorvs acid t 

Jin, B* Yes, there is. W ben simply exposed to (he atmospherei 
phosphorus undergoes a kind of slow combustion at any tempera- 
tfire above zero. 

Emily, Is not the process in this case rather an ozydatioa than a 
combination ? For if the oxygen is too slowly absorbed for a sensi- 
ble quantity of light and beat to be disengaged, it is not a true com- 
bustion. 

Jlfri. B* The case is not as you suppose ; a faint light is emitted, 
which is very discernible in the dark; but the heat evolved is not 
sufficient!}' strong to be sensible ; a whitish vapour arises from this 
combustion, which, uniting with water, condenses into liquid phos- 
phorus acid. 

Caroline. Is it not very singular that phosphorus should burn at 
so low a temperature in atmospherical air, whilst it does not bum 
in pure oxygen without the application of beat ? 

Mrs, B. So It at first appears. But this circumstance seems to 
be owing to the nitrogen gas of the atmosphere. This gas dissolves 
small particles of phoshporus, which being tbus minutely divided and 
diffused in the atmospherical air, combines with tbeoxvgeo,^d un- 
dergoes this slow combustion. But the same effect does not take 
place in oxygen gas, because it is not capableof dissolving phospho- 
rus ; it is therefore necessary, in this case, that beat should be ap- 
plied to effect that division of particles, which, in the former in- 
stance, is produced by the nitrogen. 

Emily, I have seen letters written with phosphorus, which are 
invisible by day-light, but may be read in the dark by their own 
light. They look as if they were written with fire ; yet they do 
not seem to burn. 

Mrs, B, But they do really burn ; for it is by their slow combos- 
tioo that the light is emitted ; and phosphorus acid is the result of 
this combustion. 

Phosphorus is sometimes used as a test to estimate the purity of 
atmospherical air. For this purpose, it is burnt in a graduated tube, 
called an Audiometer (fig. 26.) and the proportion of oxy-Fig. J6. 
gen in the air examined is deduced from the quantity ofairEixi><"B*^ 
which the phosphorus absorbs ; for the phosphorus will ab- 
sorb all the oxvgen, and thd nitrogen alone will remain. U 
Emily, And the more oxygen is contained in the atmos- \^ 
phere, the purer, I suppose, it is esteemed ? 

Mrs. B, Certainly. Phosphorus when melted, combines 
with a great variety of substances. With sulphur it forms 
a compound so extremely combustible that it immediately 
takes fire on coming in contact with the air. It is with this 
composition that phosphoric matches are prepared which 
kindle as soon as they are taken out of their case and are 
exposed to the air. - i^^ 

545. Why will phosphorus bum at so low a temperature in at- 
mospherical air, when it does not burn in pure oxygen without the 
aiiplication of heat ? 

546. For what is phosphorus sometimes used ? 

547. What instrument is used for this purpose, and how Is the 
purity of the air ascertained by it f 

548. How are phosphoric matches made.^ 



PH0SFH0B17S. 135 

Emily, I have a box of these carious matches ; but I hare ob- 
serred that, in very cold weather, they will Dot take fire without 
being* previously rubbed. 

Mn, B. By rubbing them you raise their temperature ; for you 
know, friction is one of the means of extricating heat. 

Emily, Will phosphorus, like sulphur, combine with hydrogen 
gas? 

JIfr*. B, Yes ; and the compound gjas which results from this 
<;ombination has a smell still more fetid than the sulphuretted by- 
drog'en ; it resembles that of garlic. 

The photphoretted hydrogen gag has this remarkable peculiarity, 
that it takes fire spontaneously in the atmosphere at any tempera- 
tare. It is thus, probably, that are produced those transient flames 
or flashes of light, called by the vulgar WiU'of-tke-Wup^ or, more 
properly, Ignes-fatuU which are oxiexk seen m church-yards, and 
places where the putrefactions ot animal matter exhale phosphorus 
and hydrogen gas. 

Caroline, Country people, who are so much frightened by thoM 
appearances, would be soon reconciled to them if they knew from 
what a simple cause they proceed. 

Jlfr«. B, There are other combinations of phosphorus that hare 
also very singular properties, particularly that which results from 
its union with lime. 

Emily, Is there any name to distinguish the combination of two 
substances, like phosphorus and lime^ neither of which are oxygen, 
and which cannot therefore produce either an ozyd or an acid .^ 

Jlfr#. B, The names of such combinations are composed from 
those of their ingredients, merely by a slight change in their termi- 
nation. Thus, the combination of sulphur with lime is called a suU 
phurtt, and that of phosphorus, a phosphuret qflime,* This latter 

^ Phosphuret of lime is a very curious substance. To make it, 
take a thin glass tube, 6 or 8 inches long, and less than half an inch 
in diameter ; if it is closed at one end, so much the better, but a cork 
will do. Near the closed end put a piece of phosphorus half an inch 
lon|^. Then put in by means of a stick or wire, holding the tube 
horizontally, thirty or forty pieces of newly burned quick lime, 
about the size of split peas, letting the lowest remain two or three 
inches from the phosphorus. Then stop the other end of the tube 
loosely, and place the part containing the quick-lime in a bed of 
charcoal, so contriving it that a candle or red hot iron can be brought 
under the part where the phosphorus lies. Kindle a fire by meant 
of bellows, and heat the lime red hot, without melting the phospho- 
' rus, which may be kept cool by a wet rag ; when this is done, bring 
the hot iron or candle under the phosphorus, so as to make it past 
through the quick lime in the form of vapour. Cork up the phot- 
pbaret of lime for use* — C. 

549. Will phosphorus combine with hydrogen ? 

550. What remarkable peculiarity has phosphoretted hydrog«n 
gas? 

551. How is it supposed that the ignes-fatai are produced ? 

552. What is the combination of phosphorus with lime, called ? 
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cotopouod, I was g^oiog to »ay, has the tingolar property of decom- 
pofiiog^ water, merely by being thrown into it. It effects this by ab- 
sorbiDg the oxygen of water, in consequence of which, bubbles of 
bvdrogeQ gas ascend, holding in solution a small quantity of phos- 
phorus. 

Emily, These bubbles then are phosphoretted hydrogen got? 

Mrs. B, Tes ; and they produce the singular appearance of a 
flash of fire issuing from water, as the bubbles kindle and detonate 
on the surface of the water, at the instant that they come in coolact 
with the atmosphere. 

Caroline. Is not this effect nearly similar to that produced by the 
^combination of phosphorus and sulphur, or, more properly speak- 
ing, the phogphurei ofnUphur? 

Mr», u* Yes ; but the phenomenon appears more extraordinary 
in this case, from the presence of water, and from the gaseous form 
of the combustible compound. Besides, the experiment surprises 
by its great simplicity. You only throw a piece of phospburetof 
lime into a glass of water, and bubbles of fire will immediately is- 
sue from it. 

Caroline, Cannot we try the experiment ? 

Jlfr«. B. Very easily ; but we must do it tn the open air; for 
the amell of the phosphoretted hydrogen gas is so extremely fetid, 
that it would be intolerable in the house. But before we lea?ethe 
room, we may produce by another process, some bubbles of the 
same gas, which are much less offensive. 

There is in this little glass retort a solution of potash and water;! 
ad4 to it a small piece of phosphorus. We must now beat the re- 
tort over the lamp after having engaged its neck under water— ][oa 
a«e it begins to boil ; in a few minutes bubbles will appear, which 
take tre and detonate as they issue from the water. 

Caroline. There is one — and another. How curious it is !— But 
Ldo not understand how this is produced. 

•Vrf. B, It is the consequence of a display of affinities too com- 
plicated, I fear, to be made perfectly intelligible to you at present 

lo a few words, the reciprocal action of the potash, phosphorus, 
ealoric, and water are such, that some of the water is decomposed, 
and the hydrogen gas thereby formed carries off some minute par* 
(ielee of phosphorus with which it forms phosphoretted hydrogen 
gas, a compound which spontaneously takes fire at almost any tem* 
perature. 

EmUy, What is that circular ring of smoke which slowly niei 
from each bubble after its detonation? 

Mrs. B, It consists of water and phosphoric acid in vapor, wbioh 
are produced by the combustion of hydrogen and phosphorus. 

553. What singular peculiarity has the phosphoret of lime? 

554. What will be the consequence if a piece of phosphoret of 
lime is thrown into the water? 

555. Why is it necessary that this experiment be made in the 
•IKBair? 

556. What will be the consequence if phosphorus be added to a 
solutkm of potash in water, and the whole heated over a fire ? 
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Caroline. To-day, Mrs, B-, 1 believe we are to learn the nature 
and properties of carbon, This substance is quite new to me; l 
nerer heard it mentioned before. 

Jtf r#. B, Not 80 new as you imagine ; for carbon is nolhmr more 
than charcoal in a stete of purity, that is to say, unmixed witn any 
foreign ingredients. ^ . . . ^ 

Caroline. But charcoal is made by art, Mrs. B., and how can a 
body coosistinff of one simple substance be fabricated ? 

Mrs. B. You again confound the idea of making a simple body 
with that of separating it from a compound. The chemical proces- 
ses by which a simple body is obtained in a state of purity, conswi 
in unmaking the compound in which it is contained, in order to sep- 
arate from it the simple substance in question. The «"« ^"od dt 
which charcoal is usually obtained, is, indeed, commonly caiiea 
making it; but upon examination, you will :find this pro^e^f.^^^^^"?" 
sist simply in separating it from other substances with which.it is 
found combined in nature. .., »* /-oii o,Hron 

Carbon forms a considerable part of the solid matter of all or^n- 
ized bodies; but it is most abundant in the vegetable creation, ana 
it is chiefly obtained from wood. When the oil and water (which 
are other constituents of vegetable matter) are evaporated, tbe 
black, porous, brittle substance that remains, is charcoal. 

Caroline. But if heat be applied to the wood m order to evaporate 
the oil and water, will not the temperature of charcoal be ra»««^»" 
as to make it burn ? and if it combines with oxygen, can we any 
longer call it pure ? ^. *u^ „;, mii«f 

Jtfr*. B. I was going to add, that, in this operation, the air must 

be excluded. ., , * a., ««•> 
Caroline. How then can the vapour of ml and l^t^r fly on . 
Mrs. B. In order to produce charcoal m »t8 purest stat^w^^^^^ 
is, even then, but a less'^ imperfect sort of <^ar^°;U„t aS to 
slimldbe performed in an ^^then retort.-Heat h^^^^^ 
ihe body of the retort, the evaporable part of the wood ^lU escape 
through its neck, into which no air can Pe^e^r^^^^V .i^ri^Xs^ 
heate! vapour continues to fill it. And if it bejrished to coll^^^^^^ 
volatile products of the wood, this can easily Redone by nt^^^^^ 
the neck of the retort into the water bath *PP»«^^"«,\,Yii^J,^i^^^^^ 
are acquainted. But the preparation of c«f ™«^"/*^^f^^^^^^ 
is used in kitchens and manufactures, is performed on a rnucH larger 
scale, and by an easier and less expensive proc««;- . The wood 
Emily. 1 haye seen the process of n«ikmg charcoaL "J^e wooa 
is rangJd on the ground in a pile of P/^af^d^^^ ^«^f ' holes onW 
underaeath ; the whole is then covered with clay, a few holes oniy 
be^g left for the circulation of air. ^ 

657. What is carbon ? , . , .imple 

668. In what consists the chemical process by whichafimpio 

body 3» obtained in a state of punty ? ^a^^^^ > 

669. In what is charcoal found in most abundance. 

12* 
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Mrt.B. TlieMholaiftracloMdasMMmastbewoodisfidriylirilt* 
edU to that the combnttHMi is checked, or «t Itast cootiiiiies but in a 
Tery imperfect maooer ; bat the heat produced by it is sufficient to 
force oat aod TolaUlize, through the earthy corer, most part of the 
oily and watery principles of the wood, althoagh it cannot reduce 
it to ashes. 

Emily. Ispare carbon as black as charcoal? 

Jffn. B. The pnrest carbon we can prepare is so; butcbenristi 
hare nerer yet been able to separate it entirely from hydro^o. Sir 
H. Davy says, that the most perfect carbon that is prepared by art 
contains about fire per cent, of hrdrogeo ; he is of opinion Oat if 
we could obtain it quite free from foreig^n ingredients, it would be 
metallic, in common with other simple substances. 

But there is a form in which charcoal appears, that I dare say will 
surprise you. This ring, which I wear on my torer, owes its bril- 
liancy to a small piece of carbon. 

Caroline. Surelv you are jesting, Mrs. B. 

Emily. I thought your ring was diamond. 

Jtrt. B. It is so. But diamond is nothing more iha^ carbon ina 
crystallized state. 

EmUy. That is astonishing ! Is it possible ta see two ^ngs ap- 
patently more different than diamond and charcoal ? "^ r 

Caroline, It is indeed, curious to think that we adern onradfei 
with jewels of charcoal ! 

Mrs. B. There are many other substances, consisting chiefly of 
carbon, that are remarkably white. Cotton, forJnstance, is ahnoit 
wholly carbon. 

Caroline. That, I own, I coald never have imagined! But pray, 
Mrs. B., smce It 18 known of what substance diamond and cotton 
are composed, why should they not be manufectured, or imitated, 
by some chemical process, which would render them much cheap- 
er, and more plentiful than the present mode of obtaining them? 

JUn. B. You might as well, my dear, propose that we sbonld 
make flowers and fruit, nay, perhaps, even animals by a chemical 
process; for it is^fcnown of what these bodies consist, since ererr 
thing which we are acquainted with in nature is formed from the va- 
rious simple substances that we have enumerated. But you mvst 
not suppose that a knowledge of the component parts of a body will 
in every case enable us to imitate it. It is much less difficult to de- 
compose bodies, and discover of what materials they are made, than 
it is to recompose them. The first of these pocesses is calied aneh- 
fit, the last rynthenM, When we are able to ascertain the natureof 
a substance by both these methods, so that the result of one confinn 
that of the other, we obtain the most complete knowledre of it thM 
we are capableof acquiring. This is the case with water, with the 
atmosphere, with most of tbeoxyda, acid8,And neatral sidts, and with 
' — " ' ' ■.. I , ., . ■ . .. 

560. How is charcoal in its purest state produced ? 

561. What is the common method of producing charcoal? 
662. What did Sir H. Davy suppose carbon would be, if fif«e 

from foreign ingre dien ta? 

563. W hat does charcoal become on being crystallized? 

!!1' S5** r^ '^^^c* «• there consisting chiefly of cafboo ? 

565. What la to be understood bv the terma onoliiatf %ad — '^ 
MfasusedbyobemKi; -iwiiqFHJwui 



maiij otiier componndi* But tt« more eompliCAled com bi m i tiont 
of Bfttare, e^en id the miotfral kiDgdom, are in general beyond oof 
reach, and ao^ attempt to imitate organized bodies must ever prore 
fruitless ; tbeir formation is a secret which rests in the bosom of the 
Creator. You see, therefore, how vain it wonld be to attempt to 
make cotton b^ chemical means. But, sorely, we have no reason 
to regret onr ioabitity in this instance, when nature has so clearly 
pointed out a method of obtaining it in perfection and abundance. 

CaroHne. I did not ima^ne that the principle of life could be im* 
kated by the aid of chemistry ; but it did not appear to me absurd 
to suppose that chemists might attaih a perfect imitation of inani- 
mate nature. 

Jlfr#. B, They hare succeeded in this point in a variety of instan- 
ces ; but, as you justly observe, the principle of Kfe, or even the 
minute and intimate organization of the vegetable kingdom, ares^ 
crets that have almost entirely eluded the researches of philosophers: 
nor do I imagine that human art will ever be capable of investiga- 
ting them with complete success. 

Mrs. B, But diamond, since it consists of one simple, unorgani- 
zed substance, might be, one would think, perfectly imitable by art. 

Jtfiry. B. It is sometimes as much beyond our power to obtain a 
simple body in a state of perfect purity, as it is to imitate a compli- 
cated combination ; for the operations by which nature separates 
bodies are freqnentlj^ at inimitable as those which she uses for their 
comUnation. This is the case with carbon ; all the efforts for chem- 
ists to separate it entire!;^ from other substances have been fruitless, 
and in the purest state in which it can be obtained by art, it still 
retains a portion of hydrogen, and prr^ably of some other foreign 
ingredients. We are ignorant of the means which nature employs 
to crystallize it. It may probably be the work of ages, to purim 
arrange, and unite the particles of carbon in the form of a diamond. 
Here is some charcoal, in the purest state we can procure it; yon 
see that it is a very black, brittle, light, porous substance, entirely 
destitute of either taste or smell. Heat, without air, produces no 
alteration in it, as it is not vdatile ; but on the eontranr, it invari- 
ably remains at the bottom of the vessel, after all the other parts of 
the vegetables are evaporated. 

Emily » Yet carbon is, no doubt, coitabustible, since you say that 
charcoal would absorb oxygen, if air were admitted during its pre- 
paration. 

Caroline, Unquestionably. Besides, you know, Emilv, how much 
it is used in cooking. But pray what is the reason that charcoal 
bums without smoke, whilst a wood fire smokes so much ? 

JUn. B. Because, in the conversion of wood into charcoal, the 
volatile particles of the former have been evaporated. 

CaroHne. Yet I have frequently seen charcoal bum with flame; 
therefore, it must, in that case contain some hydrogen. 

Mtb, B. You should recollect that charcoal, espeoiidlv that which 
ie used for common purposes, is not perfectly pure, it generally 

£66. In what cases is obtained the most perfect knowledge of the 
nature of compound bodies ? 
56rr. Have means ever been discovered to cryMallize carbon? 
568. What is the reason that charcoal bums without smoke f 
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i^taioi Bome remftiiiB of the farions other componeDt parti of ▼«!;• 
etables, and hydrogen particalarly, which accounts for the flamem 
question. 

Caroline. But what becomes of the carbon itself during its com- 
bustion f 

Jdrs, B. It g^^ually combines with the oxygen of the atmos- 
phere, in the same way as sulphur and phosphorus, and, like those 
substances, it is cooyerted into a peculiar acid, which flies off in a 
gaseous form. There is this difference, however, that the acid is 
not, in this instance, as ita the two cases just mentioned, a mere 
condensible vapour, but a permanent elsfistic fluid, which alwsjs 
remains in the state of g^as, under any pressure and at any tempera- 
ture. The nature of this acid was first ascertained by Dr. Black, 
of £dinburgh; and, before the introduction of the new nomeocla- 
ture, it was called Axed air. it is now distinguished by the more 
appropriate name of carbonic acid gat. 

Emily. Carbon, then, can be volatilized by burning, though by 
heat alone, no such effect is produced? 

tMrs. B. Yes ; but then it is no longer simple carbon, but an acid 
of which carbon forms the basis. In this state, carbon retains no 
more appearance of solidity or corporeal form than the basis of any 
other giauB. And you may, I think, from this instance, deri? e a more 
clear idea of the basis of the oxygen, hydrogen, and nitrogen gases, 
the existence of which, as real bmlieS) you seemed to doubt, because 
they were not to be obtained simply in a solid form. 

Emily. That is true ; we may conceive the basis of the oxygen 
.and of the other gases, to be solid, heavy substances, like carbon; 
but so much expanded by caloric as to become invisible. 

Caroline. But does not the carbonic acid g^ partake of the 
blackness of charcoal ^ 

Mrt. B. Not in the least. Blackness, you know, does not ap- 
pear to be essential to carbon, and it is pure carbon, and not char- 
coal, that we must consider as the basis of carbonic acid. We shall 
make some carbonic acid, and, in order to hasten the process, we 
shall burn the carbonic in oxygen gas* 
Emily. But do you mean, then, to burn diamond ? 
Mrt. B. Charcoal will answer the purpose still better, being 
softer and more easy to inflame ; besides the experiments on dia- 
mond are rather expensive. 

Caroline, But is it possible to burn diamond ? 
J^rt. B. Yes, it is ; and in order to effect this combustiou, noth- 
ing more is required than to apply a sufficient degree of heat by 
means of the blow-pipe, and of a stream of oxygen gas. Indeed, it 
is by burning diamond that its chemical nature has been ascertained, 

' 66^. From what does the flame in the buminir of charcoal pro- 
ceed? ^ 

570. In the combustion of charcoal what becomes of the carbon? 

571. What is (he gas called formed by the combination of car- 
bon and oxygen ? 

579. Why does not carbonic acid gas partake of the blackneu of 
charcoal, if prepared from that material r 
573. How has the chemical aatore of diamonds been ascertained ? 
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It baa long been knofrn as a combustible substance, bat it is vritb- 
in tbese few years only that tbe product of its combustion has been 
proved to be pure carbonic acid. Pbis remarkable discorery it 
due to Mr. Tennant. 

Now let us try to make some carbonic acid. Will you Emily* 
decant some oxygen gas from this large jar into tbe receirer in 
whicb we are to burn the carbon ; and I shall introduce this small 
piece of charcoal, with a little lighted tinder, which will be neces- 
saiy to give the first impulse to combustion. 

JEmily, I cannot conceive how so small a piece of tinder, and 
that but just lighted, can raise the temperature of the carbon suffi- 
ciently to set nre to it; for it can produce scarcely any sensible 
heat, and it hardly touches the carbon. 

Mrs. B. The tinder thus kindled has only heat enough to begin 
its own combustion, which, however, soon becomes so rapid in the 
oxygen gas, as to raise the temperature of the charcoal sufficieptly 
for this to bum likewise, as you see is now the case. 

Emily, I am surprised that tbe combustion of carbon is not more 
brilliant ; it does not give out near so much light or caloric as 
phosphorus, or sulphur. Tet since it combines witii so much oxy- 
gen, why is not a proportional quantity of light and heat disengaged 
from tbe decomposition of the oxygen g^, and the union of its etec- 
tricity with that of the charcoal ? 

Jtfrf . B> Is it not surprising that less light and beat should be lib- 
erated in this than in almost any other combustion, since the ox- 
ygen, instead of entering into a solid or liquid combination, as it 
does in tbe phosphoric and sulphuric acids, is employed in forming 
another elastic fluid ; it therefore partf with less of its caloric. 

Emily. True; aiul, on second consideration, it appears on the 
contrary, surprising that tbe oxygen should, in its combination with 
carbon, retain a sufficient portion of caloric to maintain both sub- 
stances in a gaseous state. 

Caroline. We may then judge of the d^ree of solidity in which 
oxygen is combined in a burnt Dody, by the quantity of caloric lib- 
erated during its combustion ? 

Mrs. B. Yes ; provided that you take into the account tbe quan- 
tity of oxygen absorbed by the combustible body, and observe the 
proportions which tbe caloric bears to it. 

Caroline. But why should tbe water, after the combustion of 
carbon, rise in tbe receiver, since the gas within it retains an aeri- 
form state ? 

Jtf r#. B. Because tbe carbonic acid gas is gradually absorbed bj 
tbe water ; and this effect would be promoted by shaking the re- 
ceiver. 

Emily. The charcoal is now extinguished, though it is not nearly 
consumed ; it has such an extraordinary avidity for oxygen, I sup- 
pose, that the receiver did not contain enough to satisfy the whole. 

Jdrs. B. That is certainly the case ; for if the combustion were 

&t4. What is the production of their combustion? 

575. Why IS so little light and heat disengaged in the combostion 
of cart>on ? 

576. Does carbon nnite with more than one proportion of oxy- 
gen? 
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performed io the exact proportions of 28 parts of carbon tb 72 of 
oxyg'eo, both these ingredients would disappear, and 100 parts of 
carbonic acid would be produced. 

Caroline. Carbonic acid must be a very strong acid, since it con- 
tains so ^reat a proportion of oxygen ? 

Mrs. B. That is a very natural inference ; yet it is erroneous. 
For (he carbonic is the weakest of all the acids. The strength of 
an acid seems to depend upon the nature of its basis, and its mode 
of combination, as well as upon the proportion of the acidifying 
principle. The same quantity of oxygen that will convert some bod- 
ies into strong acids, will onlj^ be sufficient simply to oxydate others. 

Caroline* Since this acid is so weak, I think chemists should 
have called it the carbonotu, instead of the carbonic acid. 

Emily. But, I suppose, the carbonous acid is still weaker, and is 
formed by burning carbon in atmospherical air. 

Mrs. 6. It has been lately discovered, that carbon may be con- 
verted into a gas, by uniting with a small proportion of oxygen ; 
but as this gas does not possesss any acid properties, it is no more 
than an oxyd ;- it is called gaseous oxyd oj carbon. 

Caroline. Pray is not carbonic acid a very wholesome gas to 
breathe, as it contains so much oxygen ? 

Mrs. B. On the contrary, it is extremely pernicious. Oxygen, 
when io a stale of combination with other substances, loses, in al- 
most every instance, its respirable properties, and the salubrious 
effects which it has on the animal economy when in its unconfined 
state. Carbonic acid is not only unfit for respiration, but extreme- 
ly deleterious if taken into t^e lungs. 

Emily. You know, Caroline, how very unwholesome the fumes 
of burning charcoal are reckoned. 

Caroline. Yes ; but to confess the truth, I did not consider thaf 
a charcoal fire produced carbonic acid gas. — Can this gas be con- 
densed into a liquid ? 

Mrs. B. No : for, as I told you before, it is a permanent elastic 
fluid. But water can absorb .a certain quantity of this gas, and can 
even be impregnated with it, in a very strong degree, by the assist- 
ance of agitation and pressure, as I am going to show you. I sh^ 
decant some carbonic acid gas into this bottle, which I fill first with 
water, in order to exclude the atmospherical air ; the gas is then 
introduced through the water, which yod see it displaces, for it i»'ill 
Dot mix with itinany quantity, unless Strongly agitated, or alloired 
to stand over it for some time. The bottle is now about half full of 
carbonic acid gas, and the other half is still occupied by the water. 
By corking the bottle, and then violently shaking it, in this way, 1 
can mix the gas and water together. Now will you taste it ? 

Emily, It has a distinct acid taste. 

CaroUne* Yes, it is sensibly sour, and appears full of little bubbles. 

Jifrs, B. It possesses likewise all the other properties of acid, but 

577. On what does the strength of an acid depend ? 

578. Why is not carbonic acid good for respiration, tiDce it ood- 
taiqs a large quantity of oxygen ? 

579* Why are the fiimet of burning charcoal reckoned unwhole- 
some ? 

580. How can water be impregnated with oarbomc gai? 

581. What is Seltzer found to he, on analysis .' 
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of course, in a less defp'ee than the pure carbonic acid gfas, at it if 
so much diluted by water. This is a kind of artificial Seltzer water. 
By analysing that which is produced by nature, it was found to con- 
tain scarcely any things more than common water impregnated with 
a certain proportion of carboiAc acid gas. We are therefore able to 
imitate it b? mixing those proportions of water and carbonic acid. 
Here, my dear, is an instance in which, by a chemical process, we 
can exactly copy the operations of nature ; for the artificial Seltzer 
waters can be made in every respect similar to those of nature ; in 
one point, indeed, the former have an advantage, since they may 
be prepared stronger or weaker, as occasion requires. 

Caroline, I thought I had tasted such water before. But what 
renders it so brisk and sparkling ? 

JIfrt. B, This sparkling or effervescence, as it is called, is always 
occasioned bv the action of an elastic fluid escaping from a liquid ; 
in the artificial Seltzer water it is produced by the carbonic acid, 
which being ligphter than the water in whichit was strongly cooden- 
sedy flies off with great rapidity the instant the bottle is uncorked; 
this makes it necessary to drink it immediately. The bubbling 
that took place in this bottle was but trifling, as the water was but 
very slightly impregnated with carbonic acid. It requires a partic- 
ular apparatus to prepare the gaseous artificial mineral waters. 

Emily, If, then, a bottle of Seltzer water remains for any length 
of time uncorked, I suppose it returns to the state of common water? 

jilrt, B. The whole of the carbonic acid gas, or very nearly so, 
will soon disappear : but th^re is likewise in Seltzer water a ver^ 
small quantity of soda, and a few other saline or earthy ingredi- 
ents, which will remain in the water, though it should be kept un- 
corked for any length of time. 

Caroline, 1 have, often heard of people drinking soda-water. — 
Pray what sort of water is that? 

Mn. B, It is a kind of artificial Seltzer water, holding in solu- 
tion besides the gaseous acid, a particular saline substance, called 
soda, which imparts to the water certain medicinal qualities. 

Caroline, But how can these waters be so wholesome, since oar* 
bonic acid is so pernicious ? 

Mrt, B. A gas, we may conceive, though very prejudicial to 
breathe, may be beneficial to the stomach. But it would be of no 
use to attempt explaining this more fully at present. 

Caroline. Are waters never impregnated with other gases ? 

Mrs. B, Yes ; there are several kinds of gaseous waters. I for- 
got to tell you that waters have, for some years past, been prepared, 
impregnated both with oxygen and hydrogen gases. These are not 
an imitation of nature, but are altogether obtained by artificial 
means. They have been lately used medicinally, particularly on the 
continent, where, I understand, they have acquir^some reputation. 

Emily. If I recollect right, Mrs. B., you told us that carbon wae 

582. How is the brisk and sparkling appearance in Seltzer water 
occasioned ? 
683. What is soda water ? 

584. How can these waters be wholesome, since carbonic acid 
is BO pernicious ? 

585. What other gaseous waters have been prepared, and for 
what purpose/ 
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capaUe of decomposing^ water ; the affinity between oxygen and car- 
bob must, therefore, be ^eater than between oxygen and hydrogen? 

Jtfrt. B, Tea ; but this is not the case, unless their temperature 
be raised to a certain degree. It is 9aly when carbon is red-hot, 
that it is capable of separating the oxygen from the hydrogen. 
Thus, if a small quantity of water be thrown on a red-hot fire« it 
will increase rather than extinguish the combustion ; for the coals 
of wood, (both of which contain a quantity of carbon,) decompose 
the water, and thus supply the fire both with oxygen and hydrogen 
g^es. If, on the contrary, a large mass of water be thrown orer 
the fire, the diminution of heat thus produced is such, thatthecom- 
bustible matter loses the power of decomposing the water, and the 
fire is extinguished. 

Emily. 1 have heard that fire-engines sometimes do more harm 
than good, and that they actually increase the fire when they can- 
not throw water enough to extinguish it. It must be ovrisg, no 
doubt, to the decomposition of the water by the carbon daring the 
conflagration. 

Mrt, B. Certainly. — The apparatus which you see here (fig. 27,) 
Fig. 27. 

I>Mompotitien of water \>j Curfwn. 




A. Rttort eoBtaiaiof water. B. Lamp to beat the water. CC. Poroelaia tube eootaiaiaf Cir> 
bo*. D, Furaaee throogb which the tub* paiees. B, ReceiTar for the fa» prodoced. F, Wattf betk 

may be used to exemplify what we have jost said. It consists in a 
kind of open furnace, through which a porcelain tube, containing 
charcoal, passes. To one end of the tube is adapted a glass retort 
with water in it ; and the other end communicates with a receifer 
placed on the water bath. A lamp being applied to the retort, and 
the water made to boil, the vapor is gradually conveyed through 
the red- hot charcoal, by which it is decomposed ; and the hydrogen 
gas, which results from this decomposition, is collected in the re- 
ceiver. But the hydrojpen thus obtained is far from being pure ; it 
retains in solution a mraute portion of carbon and contains also a 
ouantity of carbonic acid. This renders it heavier than pure hy- 
drogen gas, and gives it some peculiar properties : itisdistingoiib- 
ed by the name of carbantUed hydrogen gcu, 

587. Why will a small quantity of water thrown upon a fire in- 
crease rather than diminish it ? 

588. How would you describe the experiment made by the aie 
of figure 27.^ 

589. What if the gas called prodaced io the experiment ? 
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CaroUne. And whence does it obtain Um otrbonic toid flimt it 
mixed with it? 

Emily. I l>elieTe I can answer that question, Caroline.— From 
the union of the ox^n (proceeding from the decomposed water) 
with the carbon, which, you know, makes carbonic acid. 

Caroline. Tme: 1 should have recollected that.— The product 
of the decomposition of water by red-hot charcoal therefore, is car- 
bonated hydrogen gas, and carhonic acid gas. 

Mrs. B. You are perfecti/' right, now. 

Carbon is frequently foand combined with hydrogen in a state of 
tdidity, especiallv in c^als, which owe their combustible nature to 
these two principfes. 

Emily. Is it th« hydrogen, then, that produces the flame of coals? 

JIfrt. B. It i^so; and when all the hydrogen is consumed, ttie 
carbon continues to burn without flame. But ag^in, as 1 mention- 
ed when 8|*eaking of the gas-lights, the hygrogen gas produced by 
the burning of coals is not pure; for, during the combustion, par* 
ticlev of cart>on are successively rolatilized with the hydrogen, with 
irMeh tiiey form what is called a hydro*cce9'bonai which is the prin* 
cipal product of the combustion. 

Carbon is a rery bad conductor of heat ; for this reason, it it 
employed (in conjunction with other ingredients) for coating fuma-" 
cee and other chemical apparatus. 

Emihf. Pray what is the use of ooatihg furnaces? 

MrM. B, In most cases in which a furnace is used, it is necesiary 
to produce and presenre a great degree of heat, for which purpose 
e^ery possible means are used to present the heat from escapinpby 
communicating with other bodies, and this object is attamed by 
coating over the inside of the furnace with a kind of plaster, com- 
posed of materials that are bad conductors of heat. 

Carbon, combined with a small quantity of iron, forms a com- 
pound called plumbago, or black lead, of which pencils are made: 
This substance, agreeably to the nomenclature, htLcarbtireiqfiran. 

Emily. Why, then, is it called black-lead ? 

Jlfrt. B. It is an ancient name g^ven to it by Ignorant peo^e, 
from its shining metallic appearance ; but it is certainly a most im- 
proper name for it, as there is not a particle of lead in the composi* 
tion. There is onlj one mine of this mineral, which is In Comber- 
land.* It is supposed to approach as nearly to pure carbon as the 
best prepared charcoal does, as it contains only fire parta of iron, 
unadulterated by any other foreign ingredients. There is another 
carburet of iron, in which the iron, though united only to an ex- 

* She means in England. Black lead is fbond tnagreatrariety 
of places in this country.— C. 

590. By what is the flame of burning coals occasioned? 

591. Why is carbon used for coating furnaces and other chemi- 
cal apparatus ? 

599. Of what is black lead tfiade ? 

593. Why is it called black lead ? 

594. Whatisiteel? 

13 



146 eMMBOJX. 

irtmtAjwnwll proportioa of carbop, accqairaf Terj remarkaUe 
properties : this is steel. 

Caroline. Really ; and jet steel is much harder than iron f 

Mr$, B, But carbon is not ductile like irpn, and therefore may 
render the steel more brittle, and prevent its bending so easily. 
Whether it is that the carbon^ by introducing itself into the pores 
of the iron, and, by filling them makes the metal both harder and 
heavier; or whether this change depends upon some chemical 
cause, I cannot pretend to decide. But there is a subsequent ope- 
ration, by which the hardness of stee\ is very much increased, 
which simply consists in heating the steel till it is red-hot, and then 
plunging it mto cold water. 

Carbon, besides the combination just mentioned, enters into the 
composition of a vast number of natural productions: such, for in- 
stance, as all the various kinds of oils, which result from the com^. 
bination of carbon, hydrogen, and caloric, in various proportions. 

Emily. I thought ^bat carbon ^ hydrogen, and caloric, formed car- 
bonated hydrogen gas. 

Mrt. B. That is the ca9e when a small portion of carbonic acid 
gas is held in solution by hydrogen ^^as. Different proportions of 
the same principles, together with the circumstances of their union, 
produce very different combinaiions ; of this you will see innumer- 
able examples. Besides, we are not now talking of gases, but of 
carbon and hj^drogen, combined only with a quantity of caloric, 
sufficient to bring them to the consistency of oil or fat 

Caroline. But oil and fat are not of the same consistence? . 

Jlfr#. jB. Fat is only congealed oil ; or oil, melted fat. The one 
requires a little more heat to mamtain it in a fluid state than the 
other. Have you never observed the fat of meat turned to oil by 
the caloric it has imbibed from the fire? 

EnUly. Yet oils in general, as salad-oil, and lamp-oil, do not turn 
toiatwhen cold? 

Jlfr#. B, Jioi at the common temperature of the atmosphere, be- 
cause they retain too much caloric to congeal at that temperature; 
but if exposed to a sufficient decree of cold, their latent beat is ex- 
tricated, and they become solid, fat substances. Have yoa never 
•oenstlad-oil frozen in winter? 

EmUy^ Tes ; but it appears to me in that state very differont 
from animal fat 

•¥r«. B. The essential constituent parts of either vegetable or an- 
imal oils are the same carbon and hydrogen ; their variety arises 
from the different proportions of these substances, and from otbec 
acceiisory ingredients that may be mixed with them. The oil of a 
whale, and the oil of roses, are, in their essential, constitnent parts, 
the same ; but the one is impregnated with the offensive particles of 
animal matter, the other with the delicate perfume of a flower. 

The difference oi fixed oti«, and volalile or euential ot/«, consists 
also in the various proportions of carbon and hydrogen. Fixed oils 

695. To what is the hardness of steel owing? 
506. What is the difference between fat and oil ? 
50*^ What are the essential constituent parts of oU ? 
598. What is the difference between offensive animal ami fra- 
grant vegetable oil? 
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are those which will not eraporate wHhout being decomposed ; this 
is the case with all common oils, which contain a greater proportion 
of ctrbon than the essential oils. The essential oils ^which com- 
prehend the whole class of essences and perfumes) are lighter ; they 
contain more equal proportions of carbon and hydrogen, and are 
Tolatilized or evaporated without being decomposed. 

Emily. When you say that one kind of oil will eraporate, and the 
other be decomp(»sed, you mean, I suppose, by the application of 
heat? 

Jtfrf . B, Not necessarily ; for there are oils that will evaporate 
slowly at the common temperature of the atmosphere ; but for a 
more rapid Tolatilization, or for their decomposition, the assistance 
of heat is required.* 

CisroUne, I shall now remember, I think, that fat and oil are re- 
ally the same substances both consisting of carbon and hydrogen ; 
that in fixed oils the carbon preponderates, and heat produces a de- 
composition ; while, in essential oils, the proportion of hydrogen if 
^^reater, and heat produces a Tolatilization only. 

Emily . 1 suppose the reason why oil bums so well in lamps, is 
because its two constituents are so combustible .' 

Jtfrf. B, Certainly ; the combustion of oil is just the same as that 
^f a candle : if tallow, it is onljr oil in a concrete state ; if wax, or 
spermaceti, its chief chemical ingredients are still hydrogen and 
carbon. 

Emily. I wonder, then, there should be so gretta differenofe^ be- 
tween tallow and wax ? 

Mrs, B. I must a^ain repeat, that the same substances, in differ- 
ent pfoportions, produce results that hikve sometimes scarcely any 
resemblance to each other. But this is rather a general remark 
that I wish to impress upon your minds, than one which is applica* 
ble to the present case ; for tallow and wax are far from being yery 
dissimilar ; the chief difference consists in the wax being a purer 
•compound of carbon and hydrogen than the tallow, which retains 
more of the gross particles of animal matter. The combustion of a 
candle, and that of a lamp, both produce water and carbonic acid 
g^. Can you tsll me how these are formed ? 

Emily, uet me reflect . . . Both the candle and lamp bum by 
means of fixed oil — this is decomposed as the combustion goes on- 
and the constituent parts of the oil being thus separated, the carbon 
unites with a portion of oxygen from the atmosphere to form carbo, 
nic acid gas, whilst the hydrogen combines with another portion of 

* The rolatile or essential oils eyaporate when exposed to the air. 
Hence the odour which oil of lavender, peppermint, &c. give out 
The animal oils, and what JirecAWed expressed oils, as that of castor, 
&c. do not evaporate. Hence a good test of the purity of essential 
oil, is, to let a drop fall on paper. If a grease-spot remains after a 
few minutes, it is adulterated with some fixed oil. — C. 

599. What are fixed oils? 

600. What are essential oils? 

601. Why will oil burn so well in lamps? 

602. In what does the difference between tallow and wax consist ? 

603. How may the adulteration of volatile oil be detected ? 

604. What are the products of the combustion of oils? 
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exyren and forms with it water.— The products, therefore, of Uie 
coonDuttioQ of oils, are water, and carbonic acid gas. 

Caroline. Bat we see neither water nor carbonic aoid produced 
by the conibnstion of a candle. 

JHfM, B The carbonic acid gas you know, is invisible, and the 
water being in a state of vapour, is so likewise. Emily is perfectly 
correct in her explanation* and I am very much pleased with it. 

All the vegetable acids consist of varions proportions of carbon 
and hydrogen, acidified by oxygen. Gums, sugfar, and starchy are 
likewise composed of these ingredients ; but, as the oxygen wliich 
they contain is not sufficient to convert them into acidSi they are 
Classed with the oxyds, and called vegetable oxvd. 

Caroline, 1 am extremely delighted with all these new ideas ; 
bpt, at the same time, I cannot help being apprehensive that I may 
. forret many of them. 

Jart . jB. I would advise you to take notes, or, what would answer 
better still, to write down, after every lesson, as mnch of it as voa 
can recollect. And. in order to give yon a little assistance, T ■ball 
lend you the heads or index, which I dccasiooally consult for the 
sake of preserving some method and arrangement in these conver- 
sations. Unless you follow some such plan, you cannot expect to 
retain nearly all that you learn, how great soever be the impress- 
ion it may make on you at first. 

Emily, I will certainly follow your advice. Hitherto I hare 
found that I recollected pretty well, what you have taught us ; but 
the historv of carbon is a more extensive subject than any <^ the 
simple bodies we have yet examined. 

Jlfrt. B. I have little more to say on carbon at present ; but 
hereafter you will see that it performs a considerable part in cben- 
ical operations. 

Caroline. That is, t suppose, owing to its entering into the com- 
position of so great a variety of substances ? 

Mr§* B. Certainly, it is the basis, as you have seen, of all reg^ 
table matter ; and you will find that it is very essential to the pro- 
cess of aoimalization. But in the mineral kingdom, ako, partieu- 
larly io its form of carbonic acid, we shall discover it combined 
with a great variety of substances. 

In chemical operations, carbon is particularly useful, from its 
rery great attraction- for oxygen, as it will absorb this substance 
from many oxygenated or burnt bodies, and thus de-oxygenate, er 
unburn them, and restore them to their original combustible state. 

Caroline. I do not understand how a body Can be tm&umf, and re 
stored to its original state. This piece of tinder, for ibstance, that 
has been burnt, if by any means oxygen were extracted fi»m it, 
would not be restored to its former state of linen ; for its texture is 
destroyed by burning, and that must be the case with all orgfanised 
or manufactured substances, as you observed in a former coover* 
sation. 

J^rg. B. A compound body is decomposed by combustion in a way 
which generally precludes the possibility of restoring it to its former 
state; the oxygen, for instance, does not become faed in the tinder, 

605. Of what do the vegetable acids consist ? 

606. How does carbon restore oxydated substances to their com- 
bustible state ? 
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bat it cooibiDM with its roIatOe partit and Hmm off in the slrape of 
gas or watery ▼apour. You see, therefore, bow raio it would hm 
to attempt tbe recomposition of such bodies. But, with regard to 
simple bodies, or at least bodies whose componeot parts are not dis- 
turbed by the process of oxygenation or deozygenalion, it is often 
possible to restore them, after combustion, to their original state. 
The metals, for instance, undergo no other alteration by combustioo 
than a combination with oxygen ; therefore, when the oxygen it 
taken from them, they return to their pore metallic state. But 1 
shall say nothing further of this at present, as the metals will furnish 
ample subject for another morning ; and they are the class of sim- 
ple bodies that come next under consideration. 



CONVERSATION X. 

ON 1IBTAL8. 

Mrs. B, The mstals, which we are now to examine, are bodies 
of a yery different nature from those which we ha?e hitherto con- 
sidered. They do not, like the bases of gases, elude the obserTa- 
tion of our senses; for, they are the most brilliant, tbe most pon* 
derous, and the most palpable substances in nature. 

Carolim. I doubt, however, whether tbe metals will appear tons 
so interesting, and giro us so much entertainment, as those mj^te- 
rtous elements which conceal themselves from our Tiew. Besides, 
they cannot afford so much novelty : they are bodies with which 
we are already so well acquainted. 

Mrs, B. You are not aware, my dear, of the interesting diseore- 
ries which were a few years ago made by Sir H. Davy, respecting 
this clau of bodies. By the aid of the Voltaic battery, he has obtained 
from a rariety of substances, metals before unknown, the properties 
of which are equally new and curious. We shall begin, howerer, by 
noticing ihose metals with which too profess to be so well acquain- 
ted. But the acquaintance, you will soon perceiye, is but rery super- 
ietal, and I trust you will find both norelty and entertainment in 
considering the metals in a chemical point of View. To treat of this 
subject fnlTy, would require a whole course of lectiM^s ; for metals 
form of themselres a most important branch of practical chemistry. 
We must, therefore, confine ourselres to a general view of them. 
These bodies are seldom found naturally in their metallic form : they 
aremneralljr more or less oxysrenated, or combined with sulphur, 
eartiia, or acids, and are often blended with each other. They are 
feand bnried in the bowels of the earth in most parts of the world, but 
chiefly m moutainous districts, where the sunace of the globe hat 
been disturbed by earthquakes, rolcanoes, and other convulsions of 
nature. They are spread in strata or beds, called veins, and th^ 
reine are composed of a certain quality of metal, combined with 

601. What alteration do metals undergo from combustion? 

608. What is the subject of this conversation ? 

609. Are metals generally found in their pure metallic state ? 
, 610. In what state are they usually found to exist? 

611. In what places are they chiefly discovered ? 
13* 
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rwioni ^rUif tabstaiicet, with which they fonn.iiiiB«iaUpf diffisr* 
ent nature and appearancet which are called ores. 

Caroline. 1 now feel quite at home, for my father has a lead miDe 
io Yorkshire, aud I have heard a great deal about reios of ore, and 
of the roasting and smeltiog of lead ; but, I confess, that I do not 
understand io what these operations consist. 

Mrs. JB. Roasting is the process by which thavolatiie parts of the 
ore are evaporated ; smelting, that by which the pure metal is af- 
terwards separated from the earthy remains of the ore* This is 
done by throwing the whole into a furnace, and mixing it with cer- 
tain substances that will combine with the earthy parts and other 
foreign ingredients of the ore ; the metal being the heayiest, falls 
to the bottom, and runs out by proper openings in its pure metallic 
state. 

Emily, You told us in a preceding lesson, that metals had a great 
affinity tor oxygen. Do they not, therefore, combine with oxygen, 
when strongly heated in the furnace, and ran out in the state of 
oxyds ? 

imrs, B, No ; for the scorise, or oxyd, which soon fornyi on the 
surface of the fused metal, when it is oxydable, prevents the air 
from haviog any further influence on the mass ; 90 that neitiier 
combustion nor oxygenation can take place. 

Caroline, Are all the metals equally combustible f 

Mrs, B, No ; their attraction for oxygen varies extremely. 
There are some that will combine with it only at a very high tem- 
perature, or by the assistance of acids ; whilst there are others that 
oxydate spontaneously, and with great rapidity, even at the low- 
est temperature ; such is, in particular, manganese, which scarce- 
ly ever exists in the metallic state, as it immediately absorbs oxv- 
gen on being exposed to the air, and crumbles to an oxyd in the 
course of a few hours. 

Emily > Is not that the oxyd from which you extracted the oxy* 
gen gas? 

Mrs, B. It is : so that, you see, this metal attracts oxygen at a 
low temperature, and parts with it when strongly heated. 

Emily, Is there any other metal that oxydates at the tempera- 
ture of the atmosphere ? , 

Mrs, B, They all do, more or less, excepting gold, silver, and 
pUtina. 

Copper, lead, and iron, oxydate slowly in the air aujd cover them- 
selves with a sort of rust, a process which depends on the gradaal 
conversion of the surface into an oxyd. This rusty surface pre- 
serves, the interior metal from oxydation, as it prevents the ahr 
from coming in contact with it. Strictly speaking, however* the 
word rust applies only to the oxyd, which forms on the s«rfl»oe of 
iron, when exposed to air and moisture, which oxyd Jtppeara to be. 
united with a small portion of carbonic acid.. 

6U. How are they refined ? 

613. What prevents the coraboftioa wid oxygenatioB of netab, 
when in estate effusion? 

614. Are all metals equally combustible ? 

615. To what is their difference in this respect owing ? 

616. Do metals oxydate on being exposed to the air ? 

617. By what is the rust occasioned that takes place oa ooppfr 
and iron f 
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Emiy. When metals ozjpdate from the atrao^|ifatre fntboQt mn 
elevation of temperature, some li^bt aod beat, I suppose, must b« 
disengaged, though not in sufficient quantities to be sensible. 

Jdri, B. Undoubtedly ; and, indeed, it is not surprising that, in 
this case, the light and heat should not be sensible, when you con- 
sider how extremely slow, and, indeed, bow imperfectly, most met- 
als oxydate by mere exposure to the atmosphere. For the quantity 
of oxygen with which metals are capable of combining, generally 
depends upon their temperature ; and the absorption stops at Tari- 
ous points of oxydation, according.to th^ degree to which their tem- 
perature is raised. 

Emily. That seems very natural ; for the greater the quantity of 
caloric introduced into a metal, the more will its positive electricity 
be exalted, and consequently the strooger will belts affinity for ox- 
ygen. 

Mrg. B, Certainly. When the metal oxyg^enates with sufficient 
rapidity for light and heat to become sensible, combustion actually 
Cakes plape. But this happens only at very high temperatures, 
and the product is nevertheless an oxyd ; for though, as i hare just 
said, metals will combine with different proportions of oxygen, yet 
with the exception of only five of them, they are not susceptible ef 
acidification^ 

Metals change color during the different degrees of oxydation 
which they undergo. Lead, wben heated in contact with the' at- 
mosphere, first becomes grey ; if its temperature be then raised, 
it turns yellow, and a still stronger heat changes it to red. And it is 
even capable of a stronger degree of oxydation, in which the oxyd 
is inice colored. Iron becomes successively a gpreen, brown and 
white oxyd. Copper changes from brown to blue, and lastly green. 

EmUy- Pray, is the white lead with which houses are painted, 
prepared by oxydaiiog lead ? 

Mrs. B. Not merely by oxydattng, but bv being also united witii 
carbonic acid. It is a carbonat of lead. The mere oxyd of lead is 
called red lead. Litharge is another oxyd of lead, containing less 
oxygen. Almost all the metallic oxyds are used as paints. The 
various sorts of ochres consist chiefly of iron more or less oxydatod* 
And it is a remarkable circumstance, that if you burn metals rap- 
idly, the light or flame they emit during combustion partakes of the 
c^ors which the oxyd successively assumes. 

Caroline. How is that accounted for, Mrs. 6., since light does 
not proceed from the burning body, but from the decomposition of 
the oxygen gas .' 

Jfefrt. B. The correspondence of the color of the light, with that 
of the oxyd which emits it, is, in all probability, owing to somepar- 
tksles of the metal which are volatilized and carried off by the caloric 

618. Are light and heat disengaged when metals oxydate from 
the atmorohere, without an elevation of temperature ? 

61^. Why are they not perceived ? 

.6S0. What changes of color do lead, iron, and copper ondergo 
during their different degrees of oxydation f 

621. How is common white lead obtained : 

622. Fpr what purpoaa are mostnf the metallic oxyds nsed? 

623. How. are yellow paints or ochres obtained, or of what Are 
they composed ? 
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Fig. 28. 



Caroime. It is then m sort of metallic gas. 
Emily, Why is it reckoned so anwbolesome to breath the air of 
a place where metals are melting f 

Mr$, B, Perhaps the notion is too generally entertained. Bat it 
is true irith respect to lead, and some other nozioos metals, because 
nnless care be taken, the particles of the oxyd which are Tolatili- 
zed by the heat are inhaled with the breath, and may produce dan- 
gerous effects. 

^^ I must show you some 

instances of the combus- 
tion of metals ; it would re- 
,quire the heat of a furnace 
to make them bum in the 
common air, but if we 
supply them with a stream 
of oxygen gas, we may 
easily accomplish it 

CaroHne, It will still, I 
suppose, be necessary in 
some degree to rasie ueir 
temperature? 

Jin, B, This, as you 
shall see, is yery easily 
done, particularly if tibe 
experiment be tried upon 
a small scale. 1 beein by 
lighting this piece of char- 
coal with the candle, and 
then increase the rapidity 
of its combustion by dIow^ 
ing upon it with a blow- 
pipe. (Fig. 58, No. 1.) 
I Emily. That 1 do not 
Junderstand ; for it is not 
: every kind of air, but 
merely oxygen gas, that 
produces combustion.-— 
Now you said that in brea- 
thing we inspired, but did 
not expire oxygen gas.— 
Why, therefore, should 
the air which you breathe 
through the blow-pipe 
promote the combustion 
of the charcoal ? 
Jdrt, B. Because the 
which has but 




AKN«t»fi^th.eo«b«ti«nof«rt»i.b3rin«i».ofo.ygt»air, which has but ottce 

Mo. a. Combuition of m.UU by mwM of . blow-pipo Voi»-P**'®**,*°'^"8^P "*« WDgS, 

▼•Tiar • •tr-m of oxjfn fu from • fu-hoUer. IS yet but httlo altered, a 

small portion only of its ox- 
ygen bemg destroyed; so that a great deal more is gained by in- 
creasmg the rapidity of thexsurrent, by means of the blow pipeithan 

624. Why is it reckoned unwholesome to breathe the air of • 
place in which metals are melting ? 
685. What gas produces combustion? 
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is lost in conseqMftce of the air pasmg once Ihroagfa the luoft, w$ 
yoa shall see — 

Emily. Tes, indeed, it makes the charcoal burn much brighter. 

JIfrt. B, Whilst it is red hot, I shall drop '>ocne iron filings on it, 
and supplj them with a current of oxjf^en gas, by means of this 
apparatus, (Fig. 28, No. 2.) which consists simpljr of a closed tin 
cjlindrical Vessel, full of oxygen gas, with two apertures and stop- 
cocks, bj one of which a stream of water is thrown into the vessel 
through a long funnel, whilst by the other the gas is forced out 
through a blow-pipe adapted to it, as the water gains admittance. 
Now that I poor water into the funnel, you may hear the gas issu- 
ing from the blow-pipe. 1 bring the charcoal close to the current, 
and drop the filing^ upon it— 

Caroline, They emit much the tame virid light as the combustioo 
of the iron wire in oxygen g^. 

Mra. B. The process is, in fact, the same ; there is only tome 
difference in the mode of conductinjg it. Let us bum some tin in 
the same manner— yon see that it is equally combustible. Let as 
now try some copper—- 

Caroline, This bums with a greenish flame; it is, I suppose, 
owing to to the color of the oxyd ? 

Emily Pray, shall we not also burn some gold ? 
Jdrt. B* That is not in our power, at least, in this way. Gold, 
silver, and platina, are incapable of being oxydated by the greatest 
heat that we can produce by the common method. It is from this 
circumstance, that they hare been called perfect metals. Eveo 
these, however, have an affioitv for oxygen ; but their oxydation 
or combustion can be performea only by means of acids, or by 
electricity. 

The spark given out by the Voltaic battery produces at the point 
of contact, a gnreater degpree of heat than any other process ; and 
it is at this very hirh temperature only that (he affinity of these 
metals for oxygen will enable them to act on each other. 

I am Borry that I cannot show you the combustion of the perfect 
metals by this process, but it requires a considerable Voltaic battery. 
Ton will see tnese experiments performed in the most perfect man- 
ner, when you attend the chemical lectures of the Royal Institution. 
But in the mean time I can^ without difficulty, show you an ingen- 
ions apparatus lately contrived for the purpose of producing intense 
beats, the power of which nearly equals that of the largest Voltaic 
batteries. It simply consists, you see, in a strong box, made of iron 
or copper, (Fig. 29.) to which may be adapted the air syringe or 
condensing pump, and a stop-cock, terminating in a small orifice 
similar to that of a blow-pipe. By working the condensing syringe 
up and down in this manner, a quantity of air is accumulated in the 
vessel, which may be increased to almost any extent, so that, if we 
now turn the stop-cock, the condensed air will rush out, forming a 
jet of considerable force ; and if we place the flame of a lamp in the 
current, you will see how violently the flame is driren in that direc 

626. What is represented by figure 28 .' 

627. What metals hare been called perfect ' 

628. Why hare they been thus called.' 

629. What is represented by figure 29 ? 
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A, tk« fweiToiv of eendcMMiur. B, Om eoadtiwiof igwiaf*. 
C. the bladder for oxjfM. D* thomoTMblcjct. 

Caroline, It seems to be exactly the same effect as that of a blow- 
pipe worked by the mouth, only much stronger. 

EmUu, Tes ; and the instrumeut has this additional adrantage, 
that it does not fatigue the mouth and lungs like the common blow* 
pipe, and requires no art in blowing. 

Mrs* B, U nc^uestiooably ; but yet this blow-pipe would be of 
▼ery limited utility, if its energy and power could not be greatly 
increased by some other contrivance. Can you imagine anj moM 
of producing such an effect ? 

Emily. Could not the reservoir be charged with pure oxygen 
instead of common air, as in the case of the gas-holder ? 

Mrs. B, Undoubtedly ; this is precisely ttie contrivance I allude 
to. The vessel need only be supplied with air from a bladder full 
of oxygen, instead of the air of the room, and this, you see, may be 
easily done by screwing the bladder on the upper part of the syringe, 
•o that, in working the syringe, the oxygen gas is forced from the 
bladder into the condensing vessel. 

Caroline* With the aid of this small apparatus, therefore, we could 
obtain the same effects as those we have just produced with the g^- 
holder, by mctans of a column of water forcing the gas out of it. 

Mrs. B* Tes ; and much more conveniently so. But there is a 
mode of using this apparatug, by which more powerful effects still 
may be obtained. It consists in condensing in the reservoir, not 
oxygen alone, but a mixture of oxygen and hydrogen in the exact 
proportion in which they unite to produce water ; and then kindle 

630. How could the reser?olr in that figure be supplied with pure 
oxygen? 

631 . How is the most intense heat produced? 
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tike jet formed by the raised gMet. The heat dtsenfaffed by tbii 
combnstioD, whboat the help of any lamp, is probabl? the most in- 
tense known ; and various effects are said to have been obtained 
from it which exceed all expectation. 

Caroline, But why shoula we not try this experiment ? 

Mrs, B, Because it is not exempt from daorer ;* the combustion 
(notwithstanding Tarious contrivances which hare been resorted to 
with a riew to prevent accident) being apt to penetrate into the in- 
side of the vessel, and to produce a dangerous and violent explosion. 
We shall, therefore, now proceed to our subject. 

Caroline. I think you said the oxyds of metals could be restored' 
to their metallic state? 

Mre, B» Yes ; this operation is called reviving a metal. Metals 
are in general capable of being revived bjr charcoal, when heated 
red hot, charcoal having a greater attraction for oxvgen than the 
metals. You need only, therefore, decompose, or unburn theoxyd 
by. depriving it of its oxygen and the metal will be restored to its 
pore state, 

Emihf, But will the carbon, by this process, be burnt, and be 
converted into carbonic acid ? 

Jlfr#. B. Certainly. There are other combustible substances to 
which metals of a high temperature will part with their oxygen. 
They will also jrield it to eaon other, according to their sevend de- 
grees of attraction for it ; and if the oxygen goes, into a more dense 
state in the metals whidi it enters, than it existed in that which it 
quits, a proportional disengagement of caloric will take place. 

Coro/tfte. And cannot the ox^ds of gold, silver, and platina, 
which are formed by means of aoids or of the electric flnid, be re- 
stored to their metsJlic state f 

Mre. B. Tes, they may, and the interventioo of a combustible 
body is not required ; heat alone will take the oxygen from them, 
conrert it into gas, and revive the metal. 

Emily. Tou said that rust was an oxyd of iron ; how is it, then, 
that water, or merely dampness, produces it, which you know, it 
very frequently does on steel grates, or any iron instruments ? 

* Hydrogen and oxygen may be bnmed together with the most 
perfect safety by means of the cwnpomd hlvvhjnpe^ an instrument 
mvented by Prof. Hare, %i Philadelphia. Instead of mixing the 
gases in Uie same reservoir, they are kept separate until they meet 
at the point of combustion. Aa sccount of this blow-pipe is g^en 
by ProC SUliman, in his edition of Henry's chemistry, together with 
a list of experiments made with it on various substances. This was 
the first notice of any experiment made by burning the two gases 
together, for the purpose of obtaining an intense heat— <?. 

639. Jbia may MTiqgM mni kjfdrogen he burned together wiih 

633. What is called reviving a meul ? 

634. ^ what are metals revived? 

636. What elfoct it produced on tbeoarboD which it nied to re- 
Ttr« a me|al ? 

636. Can the oxyds of the perfect metals be restored to tiieir me- 
tallic sUte? 

637. By what meant? 



Mr$» B, In tbmt ctta the meUl decoBHNnet the w&tm^ or danip* 
nets (which is Dotbiog bat water in a state of Taponr,) and oblains 
the oxyren from it. 

Caroline, I thought that it was neoeasary to bring metals to a re- 
rj high temperatare to enable them to decompose water. 

Mrt, JB. It is BO, if it is required that the proceu should be per- 
formed rapidly, and if any considerable quantity is to be decompos- 
ed. Ru4t, you know« is sometimes months in forming, and then it 
18 only the surface of the metal that is oa^dated. 

Emily, Metals, then, that do not rust, are incapable of spontane- 
ons oiydation, either b^ air or water f 

Mr», B. Yes ; and this is the case with the perfect metals, which 
on that account, preserve their metallic lustre so well. 

Emily. Are all metals capable of decomposing water, prowided 
their temperature be sufficiently raised ? 

Mn, JB. No; a certain degpree of attraction is requisite, besides 
the assistance of heat Water, yon recollect, is composed of oxy* 
een and hydrogen ; and, unless the affinity of the metal for ozygcsi 
be stronger than that of the hydrogen, it is in rain tlu^ we raise its 
temperature, for it cannot take the oxygen from the hydrogen. — 
Iron, Etnc, tm, and astimoiiy, hare a stronger affinity for oxygen 
than hydrogen has, therefore these four metals are capable of de- 
composing water. But hydrogen, having an advantage over all tiie 
other raeUls with respeet to its affinity for oxygen, it not only with- 
holds its oxygen from them, but is even capable, under certain cir- 
cumstances, of taking the oxygen from the oxyds of these metals. 

Emily* I confess that 1 do not quite understand why hydrog^eaoan 
take ozv^n from those metals which do not decompose water. 

Caroline. Now I think I do perfectly. Lead, formstance, will 
not decompose water, because it has not so strong an attraction /or 
oxygen as hydrogen has. Well, then, suppose the lead to bo in a 
state of oxvd ; hydrogen wiU take the oxyd from the lead, and unite 
with it to form water, beoanse hydrogen has a sfroi%^ attraction 
than oxygen has for lead, and it is the aame with all the other met- 
als, which do not decompose waier. 

EmUy. I understand your explanation, Garoline, very well ; and 
I imag^e that it is beeanse lead cannot decompose water that it is 
so much employed for pipes for conveying that fluid.* 

Mr*. B. Certainly ; lead is, on that a<:count, partioularlj ap|Nro> 
pHate to such purposes ; whilst, on ihe contrary, this metal, if it 
was oxydable by water, would impart to it very noxious qnalitits, 
as all oxyds of lead are more or Im pernicious. 

• Lead is capable oi decemposin^ water, and when suifored to 
stand long in a vessel of this metal, it becomes noisooons. Wheo 
used merely to convey water, there is but little oanger.— C. 

63Q. If rust is an oxyd of iron, why is it that water or dampneM 
eausesit? 

639. Do the metals oxydate oo being exposed to tiie mir ? 

640. Why will not the perfect me^Os rust? 

641. What metals are capable of decomposing water? 
%4t. Why oanaot all metysdeeompose water? 
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Bat with regard to the oxydatioD of metalt, the mott powerful 
mode of effecting^ it, is^by means of acids. These, yon know, cbn- 
taio a much greater proportion of oxygen than either air or water; 
and will, most of them, easily yield it to metals. 

Thus, yoa recollect, the zinc plates of the Voltaic battery are ox« 
jdated by the acid and water, much more efiectnally than by water 
alone. 

CaroHne* And I have often observed that if I drop vinegar, lem- 
on, or any acid on the blade of a knife, or on a pair or scissors, it will 
immediately produce a spot of rust. 

Emily, Metals have, then, three ways of obtaining oxygen ; from 
the atmosphere, from water, and from acids. 

•nirg, B. The two first you have already witnessed, and ( shall 
now show you bow metals take the oxygen from an acid. This bot- 
tle contains nitric acid ; I shall pour some of it over this piece of 
copper leaf. 

Caroline. Oh, what a disagreeable smell ! 

Emily, And what is it that produces the effervesence, and that 
thick yellow vapour? 

Jtfr#. B, It is the acid, which, being abandoned by the greatest 
part of its oxygen, is converted into a weaker acid, which escapes 
ra the form of gas. 

Caroline, And whence proceeds this heat ? 

•Mr*. B, Indeed, Caroline, I think yoo might now be able to an- 
swer that question yourself. 

Caroline. Perhaps it is that the oxygpen enters into the metal in a 
more solid state than it existed in the acid, in consequence of which 
caloric is disengaged. 

Mrs. B, If the combination of the oxygen and the metal results 
from the union of their opposite electricities, of course caloric must 
be given out. 

Emily, The efiervesence is over ; therefore 1 suppose that the 
metal is now oxydated. 

Mrs. B. Tes. But there is another important connexion between 
metals and acids, with Vf hich I must now make you acquainted. 
Metals, when in a state of oxyds, are capable of bemg dissolved by 
acids. In this operation they enter into a chemical combination 
with the acid, and form an entirely new compound. 

Caroline, But what difference is there between the oxydatvm and 
the diisoluiion of the metal by an acid.' 

Mrt. B, In the first case, the metal merely combines with a por- 
tion of oxygen taken from the acid, which is thus partly deoxygen- 
ated, as in the instance you have just seen ; in the second case the 
metal, after being previously oxydated, is actually dissolved in the 



643. What is the most powerful mode of oxydating metals ? 
^644. From what do metals obtain oxygen } 

645. When a metal dissolves in acid^ what causes the efferves- 
cence .' 

646. To what is the heat owing, when a metal is dissolved in acid ? 

647. What state must a metal be in before it can be dissolved by 
an acid .' 

648. How can a metal then be dissolved ? 

649. What is the difference between the oxydation and the ditto- 
lotion of a metal by an acid } 

14 



158 MXTALS. 

acid, and eDters into a chemical corobioatioo with iU without pro- 
dnciDff any further decomposition or efferyesence. This complete 
combmatioo of an oxyd and ad acid forms a peculiar and important 
class of compound salts. 

Emily, The difference between an oxyd and a compound salt, 
therefore, is very obvious; the one consists of a metal and oxygen ; 
the other of an oxyd and an acid. 

•Mr#. B, Very well ; and you will be careful to remember that 
the metals are incapable of entering into this combination with acids, 
unless they are previously oxydated; therefore whenever you bring' 
a metal jn contact with an acid, it will be first oxydated, and after* 
wards dissolved, provided that there be a sufficient quantity of acid 
for both operations. 

There are some metals, however, whose solution is more easily ac- 
complished by diluting the acid in water ; and the metal will, in this 
case, be oxydated, not by the acid, but by the water, which it will 
decompose. But in proportion as the oxygen of the water oxydates 
the surface of the metal, the acid combines with it, washes it off and 
leaves a fresh surface for the oxygen to act upon ; then other coats 
of oxjd are successively formed, and rapidly dissolved by the acid, 
which continues combining with the new formed surfaces of oxyd 
till the whole of the metal is dissolved. During this process the hy- 
drogen gas of the water is disengaged, and flies off with effervesence. 

Emily* Was not this the manner in which the sulphuric acid as- 
sisted the iron filings in decomposing water? 

Jirs, B' Exactly ; and it is thus that several metals, which are 
incapable alone of decomposing water, are enabled to do it by the 
assistance of an acid, which, by continually washing off the cover- 
ing of oxyd, as it is formed, prepares a fresh surface of metal to act 
upon the water. 

Caroline. The acid here seems to act a part not very different 
from that of a scrubbing brush. But pray, would not this be a good 
method of cleansing metallic utensils? 

Mn, B. Tes; on some occasions a weak acid, as vinegar, is used 
for cleaning copper. Iron plates, too, are freed from the rust on 
their surface by diluted muriatic acid, previous to their being cov- 
ered with tin. You must remember, however, that in this mode of 
cleaning metals the acid should be quickly afterwards wiped off, 
otherwise it will produce fresh oxyd. 

Caroline. Let us watch the dissolution of the copper in the nitric 
acid : for I am very impatient to see the salt that is to return fxpm 
it. The mixture is now of a beautiful blue colour ; but there is no 
appearance of the formation of a salt ; it seems to be a tedious op- 
eration. 

Mrt. B. The crystallization of the salt re<]^uire8 some length of 
time to be completed ; if, however, you are too impatient, lean easi- 
ly show you a metallic salt already formed. 

Caroline. But that would not satisfy my curiosity half so well as 
one of our own manufacturing. 

Mrt. B. It is one of our own preparing that I mean to show you. 
When we decomposed water a few days since, by the oxydation of 

650. What is the difference between a compound salt and an oxyd.^ 
661. Why are acids good in deaninr rust from metals? 
$SS. What oaotioD it neoataary in cieaDiDg metait by acida ? 
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iron filings throogh the assistance of solphuric aeid« ia what dii the 
process consist ? 

Caroline. In proportion as the water yielded its ozyren to the 
iron, the acid combined with the new formed oxyd, and the hydro- 
gen escaped alone. 

jMrs. B. Very well ; the result, therefore, was a compound salt, 
formed by ihe combination of sulphuric acid with oxygen of iron. 
It still remains in theTesselin which the experiment was performed. 
Fetch it, and we shall examine it. 

Emily, What a variety of processes the decomposition of water, 
by a metal and an acid, implies : 1st, the decomposition of the wa- 
ter ; 2dly, the oxydation of the metal ; and 3dly, the formation of a 
compound salt. 

Caroline. Here it is, Mrs. B. What beantiful green crystals ! 
But we do not perceive any crystals in the solution of copper in ni* 
trous acid. 

«/tf r#. B. Because the salt is now suspended in the water which 
the nitrous acid contains, and will remain so till it is deposited, in 
consequence of rest and cooling. 

Emily, I am surprised that a body so opaque as iron can be con- 
verted into such transparent crystals. 

J^Irs, B. It is the union with the acid that produces the transpa- 
rency ; for if the pure metal were melted, and afterwards permitted 
to cool and crystallize, it would be found just as opaque as before. 

Emily, I do not understand the exact meaning of cryttallixation. 

Mrs, B, Yon recollect that when a solid body is dissolved, either 
by water or caloric, it is not decomposed : but that its integrant 
parts are only suspended in the solvent. When the solution is made 
in water, the integrant particles of the body will, on the water being 
evaporated, again unite into a soli^ mass, by the force of their mu- 
tual attraction. But when the body is dissolved by caloric alone, 
nothing more is necessary, in order to make its particles re-unite, 
than to reduce its temperature. And, in general, if the solvent, 
whether water or caloric, be slowly separated by evaporation or by 
cooling, and care taken that the particles be not agitated during 
their re-union, they will arrange themselves in regular masses, each 
individual substance assuming a peculiar form or arrangement : 
and this is what is called crystallization. 

Emily, Crystallization, therefore, is simply the re-union of the 
particles of a solid body which has been dissolved in a fluid.* 

Mrs, B, That is a very good definition of it. But I must not 
forget to observe, that heat and water may unite their solvent pow- 
ers, and in this case, crystallization may be hastened by cooling, as 
well as by evaporating the liquid. 

Caroline, But if the body dissolved is of a volatile nature, will it 
not evaporate with the fluid? 

* Not exactlv, because the particles of the fluid make a part of 
the crystal. Cfrystallization is that process by which the particles 
of bodies unite to form solids, of certain, and regular shapeis.— C. 

653. What processes does the decomposition of water by a metal 
and an acid imply ? 

654. What causes crystallized iron to be transparent ^ 
a. What \$ cryHallization ,^ 
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Mrt. B, A crystallized body held in solution only by water is 
scarcely ever so volatile as the fluid itself; and care must be taken 
to manage the heat so that it may be sufficient to evaporate' the' 
water only. 

I should not omit also to mention that bodies, in crystallizing from 
their watery solution, always retain a small portion of water, which 
remains confined in the crj^stal, in a solid form, and does notre>ap- 
pear unless the body loses its crystalline state. This is called the 
water of crystallization. But you must observe, that whilst a body 
may be separated from its solution in water or caloric simpljr by cool- 
ing- or by evaporation, an acid can be taken from a metal with which 
it is combined only by stronger affinities^ which produce a decom- 
position. 

Emily, Are the perfect metals susceptible of being dissolved and 
converted into compound salts by acids? 

Mrs. B. Gold is acted upon by only one acid, the oxygenated 
muriatic, a very remarkable acid, whicn, when it is in its most con- 
centrated state, dissolves gold or any other metal, by burning them 
rapidly. 

Gold can, it is true,'be dissolved likewise by a mixture of two 
acids, commonly called aqua regia ; but this mixed solvent derives 
that property from containing the peculiar acid which I have just 
mentioned. Platina is also acted upon by tliis acid only ; silver is 
dissolved by nitric acid. 

Caroline. 1 think you said that some of the metals might be so 
strongly oxydated as to become acid? 

J^Irs. B, There are five metals, arsenic, molybdean, chrome, 
tungsten, and columbium, which are susceptible of combining with 
a sufficient quantity of oxygen to be converted into acids. 

Caroline, Acids are connected with metals in such a variety of 
ways, that 1 am afraid of some confusion in remembering them. In 
the first place, acids will yield their oxygen to metals. Secondly, 
they will combine with them in their state of oxyds, to form com- 
pound salts; and lastly, several of the metals are themselves sus- 
ceptible of acidification. 

Mrs, B, Very well; but though metals have so great an affinity 
for acids, it is not with that class of bodies alone that they will com- 
bine. They are most of them, in their simple state, capable of uni- 
ting with sulphur, with phosphorus, with carbon, and with each 
other: these combinations, according to the nomenclature which 
was explained to you on a former occasion, are called sulphureiSf 
phosphorets, carburets., S^c. 

The metallic phosphorets offer nothing very remarkable. The 
sulphurets form the peculiar kind of mineral called pyrites, from 
which certain kinds of mineral waters, as those of Harrogate, derive 



655. What is the water of crystallization ? 

656. Are the perfect metals susceptible of being dissolved and 
converted into compound salts bj acids? 

657. Can any of the metals combine with so great a quantity of 
oxygen as to become acids ? 

658. With what other substances besides acids, will metals com- 
bine ? 

659. What are the combinations of the metals with each other 
called? 
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their chief chemical properties. In thit comhiaatioa, the ralphnr, 
togfetber with the iroo, have to strong ao attraotionJbr ozyg^en, that 
they both obtain it from the air and from wafer, aim by condensing 
it in a solid form, produce the heat which raises the temperature of 
the water in such a remarkable decree. 

Emily, Bat if pyrites obtain oxygen from water, that water roust 
suffer a decomposition, and hydrogen gas be CTolyed. 

Mrs. B. That is actually the case in the hot springs alluded to, 
which giwe out an extremely fetid gas, composed' of hydrogen, im- 
pregnated with sulphur. 

Caroline. If I recollect right, steel and plumbago, which you men- 
tioned in the last lesson, are both carburets of iron. 

Jfrs. B. Tes ; and they are the only carburets of much conse- 
quence. 

A curious combination of metals has lately very much attracted 
the attention of the scientific world : I mean the meteoric stones 
which fall from the atmosphere. They consist f>rincipally of native 
or pure iron, which is never found in that state in the bowels of the 
earth ;* and contain also a small quantity of nickel and chrome, a 
combination likewise new in the mineral kingdom. 

These circumstances have led many scientific persons to believe 
that those substances have fallen from the moon, or some other 
planet, while others are of opinion either that they are formed in 
the atmosphere, or are projected into it by some unknown volcano, 
on the sumce of our giolie. 

Caroline. I have heard much of these stones, but I believe many 
people are of opinion that they are formed on the surface of the 
earth, and laugh at their pretended cdestial origin. 

Jfre. B. The fact of thdr falling is so well ascertained that I 
think no person who has at all investigated the subject, can now 
entertain any doubt of it. Specimens of these stones have been dis- 
covered in all parts of the world, and to each of them some tradition 
or story of its fall has been found connected. And as the analysis of 
all those specimens afford precisely the same results, there is strong 

*" This seems to be a mistake. Several localities of native iroo, 
found in veins, are pointed out by authors. In several instances 
large blocks of native iron have been found on the surface of the 
earth. — One found by Prof. Pallas in Siberia, weighed 1600 lbs. 
Another found in South America, is said to weigh 30,000 lbs. te. 
These have been suspected to be of meteoric origin, though nothing 
is known which makes this certain. Those stones which are known 
beyond a doubt to have fiedlen from the atmosphere, havea very dif- 
ferent composition. These generally contain the following ingre- 
dients, viz. tren, niekelt ehrome^ oxide ifiron^ miphur^ HUx^ ftme, mag" 
ncfto, and ahmdne. The iron rarely amounts to a quarter of the 
wbde. Accounts are recorded of the falling of stones, sulphnr, tes 
in every age since the Christian era, and in almost every part of the 
world. — C. 



660. What are the most important oarlmrels} 

661. Of what do the meteono ttnaee wUek iMnvvattmeted so arack 
attention from the scientific world, consist? 

662. What opinions hare been entertainnd as to tb#<origin of 

14* 
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reason to coojecture that thej all proceed from the same sooiice. 
It is to Mr. Howard that philosophers are iDdebted for haying^ fint 
analysed these stones, aad directed their attention to this ioterest- 
iogr subject. 

Caroline. But pray, Mrs. B., how can solid masses of iron and 
nickel be formed from the atmosphere, which consists of the two 
airs, nitrogen and oxygen ? 

Mrs, B, I really do not see how they could, and think it much 
more probable that they fall from the moon, or some other celestial 
body .«— But we must not suffer this digression to take up too much 
of our time. 

The combinations of metals with each other are called alloys; 
thus brass is an alloy of copper and zinc ; bronze of copper and tin, &c. 

Emily, And is not pewter also a combination of metal? 

Jlfrt. B. It is. The pewter made in this country is mostly com- 
posed of tin, with a rer^ small proportion of zinc and lead. 

Caroline, Block-tin is a kind or pewter, 1 beliere f 

Jdrt, B, Properly speaking, block-tin means tin in blocks, or 
square massive m^ots ; but in the sense in which it is used by igno- 
rant workmen, it IS iron plated with tin, which renders it more du- 
rable, as tin will not soeasily rust. Tin alone, howerer, would be to 
soft a metal to be worked for common nse, and all tin vessels and 
utensils are in fact made of plates of iron, thinly coated with tin, 
which prevents the iron from rusting. 

Caroline, Say rather, oxydating^ Mrs. B. — ^Rust is a word that 
ought to be exploded in chemistry. 

Mrs, B, Take care, however, not to introduce the word oirdate 
instead of rust, in general conversation ; for you would probably 
not be understood, and you migbt be suspected of affectation. 

Metals differ very much in their affinity for each other; some 
will not unite at all, others readily combine together, and on this 
property of metals the art of toldering depends. 

Emily, What is soldering? 

J(fr«. B, It is joining two pieces of metal toother, by a more fu- 
sible metal interposed between them. Thus tin is a solder for lead ; 
brass, gold, or silver, are solder for iron, &c. 

Caroline, Andis notplating^ metals something of the same nature? 

Jlfrt. B, In the operation of plating, two metals are united, one 
beine covered with the other, hot without the intervention of a 
ihird; iron or copper may thus be covered with gold or silver. 

Emily, Mercury appears to me of a very different nature from 
the other metals. 

Mrs, B. One of its greatest peculiarities is, that it retains a fluid 
state at the temperature of the atmosphere. All metal^ are fusible 
at different degrees of heat, and they have likewise each the prope^ 
ty of freezing or becoming solid at a certain fixed temperature.— 

663. Who first analyst these stones? 

664. W bat are the combinations of metals with each other called ? 

665. Of what is brass an alloy ? 

666. Of what is pewter composed ? 

667. What is block-tin.^ 

666. On what does the «rt of idderiiif depend? 
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Alercnry congeals only at seyenty-two degprees beloir the freesiiig 
point. 

Emily, That is to say, that in order to freeze, it requires a tem- 
perature of seventy-two degrees colder than that at which water 
freezes. 

JdrM, B. Exactly so. 

Caroline, But is the temperature of the atmosphere erer so low 
as that? 

Jdrs, B, Tes, often in Siberia; but happily never in this part of 
the globe. Here, however, mercury may be congealed by artifi- 
cial cold ; I mean such intense cold as can be produced by some 
ohemical mixtures or by the rapid evaporation of ether under the 
air pump.* 

Caroline, And can mercury be made to boil and evaporate? 

Mrs, B, Yes, like any other liquid ; only it re<)mres a much 
greater degree of heat. At the temperature of six hundred de- 
grees, it begins to boil and evaporate like water. 

Mercury combines with gold, silver, tin, and with several other 
metals ; and, if mixed with any of them in a sufficient proportion, 
it penetrates the solid metal, softens it, loses its own fluidity, and 
forms an amalgam^ which is the name given to the combination of 
any metal with mercury, forming a substance more or less solid, 
according as the mercury or the other metal predominates. 

Emily, In the list of metals there are some whose names I have 
never liefore heard mentioned. 

Mrs, B, Besides those which Sir H. Davy has obtained, there are 
several that have been recently discovered, whose properties are 
yet but little known, as for instance, titanium, which was discover- 
ed by the Rev. Mr. Gregor in the tin-mines of Cornwall ; colum- 
bium or tantalium, which has lately been discovered by Mr. Hatch- 
ett ; and osmium, iridium, palladium, and rhodium, all of which 
Dr. Wollaston and Mr. Tenant found mixed in minute quantities 
with crude platina, and the distinct existence of which they proved 
by curious and delicate experiments. More recently still Professor 
Berzelius has discovered in a pyritic ore, at Fablun, in Sweden, a 
metallic substance, which he has called selenium^ and which has the 
singular peculiarity of assuming the form of a yellow g^s when 
heated in close vessels, in some of its properties this substance 
seems to hold a medium between the combustibles and the metals* 
It bears in particular a strong analogy to sulphur. 

Caroline, Arsenic has been mentioned amongst the metals, I had 
no notion that it belonged to that class of bodies, for I had never 
seen it but as a powder, amd never thought of it but as a most dead- 
ly poison. 

Mrs, B, In its pure metallic state, I believe it is not so poisonous ; 
but it has such a great affinity for oxygen, that it absorbs it lirom the 
atmosphere at its natural temperature ; you have seen it therefore, 

*. By a process analogous to that described, page 8 1, of this work. 

669. At what temperature will mercury congeal? 

670. At what temperature will it boil and evaporate ? 

671. What is the combination of metal with mercury called? 

672. What metals have been recently discovered ? 

673. What is the natural state of arsenic ? 
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only io its ttate of ozyd, wben, from its oombination with oxjgci, 
it has acquired its very poisonoas properties. 

Caroline, Is it possible that oxygen can impart poisonous quali- 
ties ? That yalaable sobstance which produces light and fire, and 
which all bodies in nature are so eager to obtain ? 

Jlfff. B. Most of the metallic oxyds are poisonous, and derife 
this property from their union with oxygen. The white lead, so 
much used in paint, owes its pernicious effects to oxygen. In gen- 
eral, oxjgen, m a concrete state, appears to be particularly des- 
tructive in its effects on flesh or any animal matter; and those oxyds 
are most caustic that have an acrid, burning taste, which proceeds 
from the metal having but a slight affinity for oxygen, andtiierefore 
easily yielding to the desh, which it corrodes and destroys. 

Emily, What is the meaning of the word caustie^ which you 
have just used? 

Mrs. B, It expresses that property which some bodies possess, of 
disorganizing and destroying animal matter, by operating a kind of 
combustion, or at least a chemical decomposition. Tou must often 
have heard of caustic used to bum warts, or other animal excres- 
cences ; most of these bodies owe their destructive power to the 
oxygen with which they are combined. The common caustic call- 
ed lunar cautticy is a compound formed by the union of nitric acid 
and silver ; and it is su posed to owe its caustic qualities to the ox- 
ygen contained in the nitric acid. 

Caroline, But, pray, are not acids still more caustic than oxyds, 
as they contain a greater proportion of oxygen ? 

Mrs, B, Some of the acids «ire; but the caustic property oft 
body depends not only upon the quantity of oxygen which it con- 
tains, but also upon its slight affinity for that principle, and the con- 
sequent facility with which it yields it. 

Kmily, Is not this destructive property of oxygen accounted for? 

Mrs.B. It proceeds probably from the strong attraction of ox- 
ygen for hydrogen; for if the one rapidly absorb the other from 
the animal fibre, a disorganization of the substance must ensue. 

Emily. Caustics are, then, very properly said to bum the fiesb, 
since the combination of oxygen and nydrogen is an actual com- 
bustion. 

Caroline, Now, I think, this effect would be more properly term- 
ed an oxydation, as there is no disengag^ement of light and beat. 

Mrs, B. But there really is a sensation of heat produced by the 
action of caustics. 

Emily, If oxygen is so caustic, why does not that which is con- 
tained in the atmosphere burn us ? 

Mre, B, Because it is in a gaseous state, and has a greater at- 
traction for its electricity than for the hydrogen of our bodies. Be- 
sides, should the air be slightly caustic, we are in a great measure 
sheltered from its effects by the skin : you know how much t 
wound, however trifling, smarts on being exposed to it. 

674. From what do metals derive their poisonous properties f 

675. What is a caustic? 

676. On what does the caustic property of a body depend ? 

677. How is this destructive property of oxygpen accounted fbr? 

678. If oxygen is of a caustic tendency, why does not that bnra 
lit, which it contained in the tttmoiphtte r 



METALS. 165 

Cctroline. It is a curious idea, howeFer, that we should lire iu a 
slow fire. But, if the air was caustic, would it uot hare an acrid 
taste? 

•Mrs. B. It possibly may have such a taste ; though in so slight 
a degree, that custom has rendered it insensible. 

Caroline^ And why is not water caustic f When I dip my hand 
into water, though cold, it ought to burn me from the caustic na- 
ture of its oxygen ? 

J^rs. B. Your hand does not decompose the water ; the oxygen 
in that state is much better supplied with hydrogen than it would 
be by animal matter, and, if its causticity depend on its affinity for 
that principle, it will be very far from quitting its state of water to 
act upon your hand. Tou must not forget that oxyds are caustic 
in proportion as the oxygen adheres slightly to them. 

Emily, Since the oxyd of arsenic is poisonous, its acid, I suppose, 
is fully as much so ? 

•Mrs. B. Yes, it is one of the strongest {)oisons in nature. 

Emily., There is a poison called verdigris^ which forms on brass 
and copper when not kept very clean ; and this I have heard, is an 
objection to these metals being made into kitchen utensils. Is this 
poison likewise occasioned by oxygen ? 

Mrs. B. It is produced by the intervention of oxygen, for verdi- 
gris is a compound salt formed by the union of vinegar and cop- 
per ; it is a beautiful green colour, and much used in painting. 

Emily. But, I believe, verdigris is often formed on copper when 
no vinegar has been in contact with it. 

Mrs. B. Not real verdigris, but other salts, somewhat resembling 
it, may be produced by the action of other acids on copper. 

The solution of copper in nitric acid, if evaporated, affords a salt 
which produces an effect on tin that will surprise you, and I have 
prepared some from the solution we made before, that I might show 
It to you. I shall first sprinkle some water on this piece of tin-foil, 
and then some of the salt. — Now observe that 1 fold it up suddenly, 
and press it into one lump. 

Caroline. What a prodigious vapour issues from it — and sparks 
of fire, I declare ! 

Mrs, B. I thought it would surprise you. The effect, however, 
I dare say you could account for, since it is merely the consequence 
of the oxegen of the salt rapidly entering into a closer combination . 
with the tin. 

Thiere is also a beautiful green salt too curious to be omitted ; it 
is produced by the combination of cobalt with muriatic acid, which 
has the nngular property of forming what is called sympathetic ink 
Characters written with this solution are invisible when cold, but 
when a gentle heat is applied, they assume a fine bluish green col- 
our. 

Caroline. I think. one might draw very curious landscapes with 
the assistance of this ink ; I would first make a water colour draw- 



679. Why is not water caustic ? 

680. What is verdigris ? 

681. What experiment is made with a piece of tin-foil and a solu- 
tion of copper in nitric acid ? 

682. What is called sympathetic ink ? 

683. What are the peculiarities of this ink ? 
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iD|f of a winter scene, in which the tress would be leafiest, andtbe 
grass scarcely green ; I would then trace all the verdure with the 
invisible iok, and whenever I choose to create spring, I should bold 
it before the fire, and its warmth would cover the landscape with a 
rich verdure. 

Mrt, B. That will be a very amusing experiment, and I advise 
you by all means to try it. 

Before we part, I must introduce to your acquaintance the curi- 
ous metals which Sir H. Davy has receutly discovered. The histo- 
ry of these extraordinary bodies is yet so much in its infancy that 1 
shall confine myself to a very short account of them ; it is more 
important to point out to you the vast, and apparently inexhaustible 
field of research which has been thrown open to our view by SirH. 
Davy's memorable discoveries, than to enter into a minute accoont 
of particular bodies or experiments. 

Caroline, But I have heard that these discoveries, however splen- 
did and extraordinary, are not very likely to prove of any great 
benefit to the world, as they are rather objects of curiosity than of 
use. 

Jlfrt . B. Such may be the illiberal conclusions of the ignorant 
and narrow-minded ; but those who can'duly estimate the advanta- 
ges of enlarging the sphere of science, must be convinced that the 
acquisition of every new fact, however unconnected it may at first 
appear with practical utility, must ultimately prove beneficial to 
mankind. But these remarks are scarcely applicable to the pres- 
ent subject ; for some of the new metals have already proved emin- 
ently useful as chemical agents, and are likely soon to be employed 
in the arts. For the enumeration of these* metals, I must refer you 
to our list of simple bodies; they are derived from llje alkalies, the 
earths, and three of the acids, all of which had been hitherto con- 
sidered as uodecompoundable, or simple bodies. 

When Sir H. Davy first turned his attention to the effects of the 
Voltaic battery, he tried its power on a variety of compound bodies, 
and gradually brought to light a number of new and interesting 
facts, which led the way to more important discoveries. It would 
be highly interesting to trace his steps in this new department of 
science, but it would lead us too far from our principal object. A 
general view of his most remarkable discoveries is all that I can aim 
at, or that you could, at present, understand. 

The facility with which compound bodies yielded to the Voltaic 
electricity, induced him to make a trial of its effects on substances 
hitherto considered as simple, but which he suspected of being com- 
pound, and his researches were soon crowned with the most com- 
plete success. . 

The body which he first submitted to the Voltaic battery, awl 
which had never yet been decomposed, was one of the fixe2l alkali^ 
called potash. This substance gave out an elastic fluid at the pos- 
itive wire which was ascertained to be oxygen, and at the pegat»T* 
wire, small globules of a very high metallic lustre, very similar*" 



684. What induced Sir H. Davy to try the effects of the Voltaic 
battery on substances till then considered simple ? 

685. What was the first substance which he submitted totM 
Voltaic battery ? 

686. What was the effect > 
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appearance to mercury \ that proviDg^ that potaih, which had hith- 
erto been considered as a simple incombustible body, was in fact, 
a metallic oxyd ; and that its incombustibility proceeded from its 
being already combined with oxygen. 

Emily. I suppose the wires used in this experiment were of pla* 
tina, as they were when you decomposed water ; for if of iron, the 
oxygen would have been combmed with the wire, instead of appear- 
ing in the form of gas. 

Mrs, B. Certainly ; the metal however, yould equally have 
been disengaged. Sir H. Davy has distinguished this new substance 
by the name of potassium, which is derived from that of the alkali, 
from which it is procured. I have some small pieces of it in this 
phial, but you have already seen it, as it is the metal which we 
burnt in contact with sulphur. 

Emily, What is the liquid in which you keep it ? 

Mr*. B. It is naptha, a bituminous liquid, with which I shall 
hereafter make you acquainted. It is almost the only fluid io which 
potassium can be preserved, as it contains no oxygen, and this 
metal has so powerful an attraction for oxygen, that it will not only 
absorb it from the air, but likewise from water, or any body what- 
ever, that contains it. 

EmUy, This, then, is one of the bodies that oxydates spontane 
ously without the application of heat. 

Jurs. B. Tes : and it has this remarkable peculiarity, that it at- 
tracts oxygen much more rapidly from water than from air ; so that 
when thrown into water, however cold, it actually bursts into flame. 
I shall now throw a small piece, about the size of a pin's head, on 
this drop of water. 

Caroline. It instantaneously exploded, producing a little flash of 
light ! This is, indeed, a most curious substance ! 

Mrs, B. By its combustion it is re-converted into potash; and 
as potash is now decidedly a compound body, I shall not enter into 
any of its properties till we have completed our review of the sim- 
ple bodies ; but we may here make a few observations on its basis, 
potassium. If this substance is left in contact with air, it rapidly 
returns to the state of potash, with a disengagement of beat, but 
without any flash of light. 

Emily But is it not very singular that it should burn better in 
water than in air ? 

Caroline. I do not think so ; for if the attraction of potassium 
for oxygen is so strong, that it finds no more difficulty in separating 
it from the hydrogen m water, than in absorbing it from the air, it 
will no doubt, be more amply and rapidly suppli^ by water than by 
air. 

Mrt. B. That cannot, however, be precisely the reason, for when 
potassium is introduced under water, without contact of air, the 
combustion is not so rapid, and, indeed, in that case there is no lu- 
minoQS appearance ; but a violent action takes place, much heat 
is excited, the potash is regenerated and hydrogen gas is evolved. 

687. What did this prove? 

68d. What is this new substance called ? 

6i9. What fluid contains no oxygen ? 

690. What remarkable peculiarity has potassium ? 
^ 691. How may potassium be recomposed ? 

692. What wiU be the result if potassium is pat under water 
without being in contact with air ? 
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Potassium is so eminently combustible, tbat instead of requiring, 
like other metals, an eiemtion of temperature, it will bum rapidly 
in contact with water, even below the freezing point. This you 
may witness by throwing a piece on this lump of ice. 

Caroline. It again exploaed with flame, and has made a deep 
hole in the ice. 

Mrs. B, This hole contains a solution of potash : for the alkali 
being extremely soluble, disappears in the water the instant it is 

{produced. Its presence, however, may be easily ascertained, alka- 
ies baring the properties of changing paper, stained with tumeric, 
to a red colour ; if you dip one end of this slip of paper into the 
hole in the ice, you will see it change colour; and the same, if yon 
wet it with the drop of water in which the first piece of potassium 
was burnt. 

Caroline, It has indeed changed the paper from yellow to red. 

Mrs, B. This metal will burn likewise, in carbonic acid gas, a 
gas that has always been supposed incapable of supporting combus- 
tion, as we were unacquainted with any substance that had a great- 
er attraction for oxygen than carbon. Potassium, however, readi- 
ly decomposes this gas by absorbing its oxygen, as I shall show you. 
This retort is filled with carbonic acid gas. 1 will put a small 
piece of potassium in it; but for this combustion a slight elevation 
of temperature is required, for which purpose 1 shall hold the retort 
over the lamp. 

Caroline, Now it has taken fire and bums with violence ! It has 
burst the retort. 

Mrs, B, Here is a piece of regenerated potash ; can you tell me 
why it has become so black ? 

Emily, No doubt it is blackened by the carbon, which, when jts 
oxygen entered into combination with the potassium, was deposited 
on its surface. 

Mrs. B, You are right. This metal is perfectly fluid at the tem- 
perature of one hundred degrees ; at fifty degrees it is solid, but 
soft and malleable ; at thirty-two degrees it is hard and brittle^ and 
its fracture exhibits an appearance of confused crystallization. It 
is scarcely more than half as heavy as water ; its specific gravity be- 
ing about six, when water is reckoned at ten ; so tbat this metal it 
actuaUy lighter than any known fluid, even than ether. 

Potassium combines with sulphur and phosphoms, forming sul- 
phurets and phosphorets ; it likewise forms alloys with several met- 
als, and amalgamates with mercury. 

Emly. But can a sufficient quantity of potassium be obtained, by 
means of the Voltaic battery, to admit of all its properties and rela- 
tions to other bodies, being satisfactorily ascertained ? 

Mrs. B, Not easily ; but 1 must not neglect to inform you that a 
method of obtaining this metal in considerable quantities, has since 
been discovered. Two eminent French chemists, Thenard and 
Gray Lussac, stimulated by the triumph which Sir H. Davy bad ob- 

693. At how loiv a temperature will potassium bum io contact 
with water ? 

694. Why, until the discovery of potassium, had carbonic acid- 
gas been considered incapable of supporting combustion ? 

695. How does potassium decompose this gas ? 

696. What metal is lighter than any known fluid ? 



taioed. Attempted to o^prnte potawiqin from its combioation with 
^xygeuy by cofninoD chemical means, and without the aid of elec- 
tricity. They caused red hot potash in a state of fusion, to filter 
tbroogh iron turnings in an iron tube, heated to whiteness. Their 
experiment was crowned with the roost complete success; more 
potassium was obtained by a single operation, than could have beeo 
collected in many weeks by the most diligent usq of the VoltSLic 
batteiy. 

Emily. In this experiment, I suppose the oxygen qnittedift com- 
bination with the potassium, to unite with (he iron turninf^s ? 

^&». B. Exactly so ; and thus the potassium was obtained in its 
•knple state. From that time it has become a most convenient and 
powerful instrument of deoxygenation in chemical experiments. — 
Tia» important improvement, engrafted on Sir H. Davy's previous 
discoveries, served but to add to his glory, since the facts which be 
bad established, when possessed only of a few atoms of this curious 
sobstaoce, and the accuracy of his analytical statements were all 
oeofirmed, when an opportunity occurred of repeating his experi- 
soents upon this substance, which can now be obtained in unlimit- 
ed quantities. 

Caroline, What a satisfaction Sir H. Davy must have felt, when 
bv an effort of genius, he succeeded in bringing to light, and acta- 
ally giving existence to these curious bodies, which without bim, 
might perhaps have ever remained concealed from our view ! 

JUrs. B, The next substance which Sir H. Dav} submitted to the 
influence of the Voltaic battery, was Soda^ the other fixed alkali, 
which yielded to the same powers of decomposition ; from this alkali 
too, a metallic substance was obtained, very analagous in its prop- 
erties to that which had been discovered in potash ; Sir H. Davy has 
called it sodium. It is rather heavier than potassium, though con- 
siderably lighter than water ; it is not so easily fusible as potassium. 

Encouraged by these extraordinary results, Sir H. Davy next 
performed a series of beautiful experiments on ^^mmonia^ or the vol- 
atfle alkali, which, from analogy, be was led to suspect might also 
contain oxygen. This he soon ascertained to be the fact, but he 
bas not yet succeeded in obtaining the basis of ammonia in a sepia- 
rate state : it is from analogy, and from the power which the volatile 
alkali has, in its gaseous form, to oxydate iron, and also from the 
amalgams which can be obtained from ammonia by various process- 
es, that the proofs of alkali being also a metallic oxvd are deduced. 

Thus, then, the three alkalies, two of which had always been con- 
sidered as simple bodies, have now lost all claim to that tide, and I 
have accordingly classed the alkalies amongst the compounds, 
whose properties I shall treat of in a future conversation. 

Emily » What are the other newly discovered metals which yon 
have sdluded to in your list of simple bodies? 

697. How may potassium be obtained in lar^ quantities ? 

698. In the experiment for obtaining potassium, why did the ox- 
ygen quit that substance ? 

699. What was the next substance submitted to the influence of 
the Voltaic battery ? 

700. What was the effect ? 

701. What is the substance prodaced by the decomposition of 
Soda called .' 

15 
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Jlfrt. B. They are the metals of the earth which became next tlie 
object of Sir H. Davy^s researches ; these bodies had Defer yet been 
decomposed, though they were strongly suspected, not only of being 
compounds, but of being metallic oxyds. From the circumstance 
of their incombustibility, it was conjectured, with some plausibility, 
that they might possibly be bodies that had been already burnt. 

Caroline. Andtnetals, when oxy dated, become, to all appear- 
ance, a kind of earthy substance. 

Jtfrt . B, They have besides, several features of resemblance with 
metallic oxyds ; Sir H. Davy had, therefore, great reason to be 
sanguine in his expectations of decomposing them, and be was not 
disappointed. He could not, however, succeed in obtaining the 
basis of the eartbs in a pure separate state ; but metallic alloys 
were formed with other metals, which sufficiently proved the ei- 
istepce of the metallic basis of the earths. 

The last class of new metallic bodies which Sir H. Davy discof- 
ered, was obtained from^the three undecompounded acids, the bora- 
cic, the fluoric, and the muriatic acids ; but as you are entirely un- 
acquainted with these bodies, I shall reserve the account of their 
decomposition, till we come to treat of their properties as acids. 

Thus in the course of two years, by the linparalleled exertions 
of a single individual, chemical science has assumed a new aspect 
Bodies have been brought to light which the human eve never be- 
fore beheld, and which might have remained eternally concealed 
under their impenetrable disguise. 

It is impossible, at the present period, to appreciate, to their fall 
extent, tbe consequences which science or the arts may derive from 
these discoveries ; we may, however, anticipate the most impor- 
tant results. 

In chemical analysis, we are now in possession of more energelie 
agents of decomposition than were ever before known. 

In geology, new views are opened, which will probably operate 
a revolution in that obscure and difficult science. It is already pro- 
ved that all the earths, and, in fact, the solid surface of this globOi 
are metalhc bodies mineralized by oxygen, and as our planet has 
been calculated to be considerably more dense upon tbe whole than 
it is on the surface, it is more reasonable to suppose that the inte- 
rior of the earth is composed of a metallic mass, the surface of 
which only has been mmeralized by the atmosphere. 

Tbe eruption of volcanoes, those stupendous problems of nature, 
admit now of an easy explanation.''' For if the bowels of the earth 
are the grand recess of these newly discovered inflammable bodies, 
whenever water penetrates into them, combustions and explosions 

* It is always easy to form a theory. But an explanation of these 
** stupendous problems of nature," we believe has not yet been de- 
monstrated to tbe satisfaction of all, though great learnmg and im- 

702. What peculiarities have the new metals, discovered by Sir 
H. Davy? 

703. What reason had Sir H. ,Davy for supposing tDe metals 
might be decomposed ? 

704. What are earths supposed to be ? 

705. What is supposed to form the principal interior part of otr 
globe ? 
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mnst take place ; and it is remarkable that the laya which ti 
tbrovf n out, is the very kind of substaoce which might be expected 
to result from these combustions. 

I must now take my leare of you ; we have had a rery long con- 
Tersation to-day, and I hope you will be able to recollect what you 
have learnt. At our next interview, we shall enter on a new sub- 
ject. 



CONVERSATION XIII. 

Mrt, B, Having completed our examination of the simple or el- 
ementary bodies, we are now to proceed to those of a compound 
nature ; but, before we enter on tbis extensive subject, it will be 
necessary to make you acquainted with the principal laws by which 
chemical combinations are governed. 

You recollect, I hope, what we formerly said of the nature of the 
attraction of composition, or chemical attraction, or affinity, as it 
is also called. 

Emily* Yes, I think, perfectly ; it is the attraction that subsists 
between bodies of a different nature, which occasions them to com-* 
bine and form a compound, when they come in contact ; and, ac- 
cording to Sir H. Davy's opinion, this effect is produced by the at- 
traction of the opposite electricities, which prevailed in bodies of 
different kinds. 

Jlfr«. B. Very well ; your definition comprehends the first la# 
of chemical attraction, which is, that ii i<ikes place only between bod' 
ies oj a different nature ; as, for instance, between an acid and an 
alkaai ; between oxygen and a metal, &c. 

Caroline, That we understand of course; for the attraction be- 
tween particles of a similar nature is that of aggregation, or cohe- 
sion, which is independent of any chemical power. 

Mtm. B. The second law of chemical attraction, is, that it taka 
place only between the most minute partielea of bodies; therefore the 

mense labor has been bestowed on the subject. If the*< easy ex- 
planation" is founded on the data here proposed, viz. that the solid 
surface of our globe consists of nothing except metals and oxygen, 
such a theory in the present state of knowledge, must chiefly con- 
sist of supposition piled on supposition ; there being as yet no proof 
that the crust of the earth is formed only of these two elements.— 
G. 

706. How are volcanoes accounted for ? 

707. What do you understand by the attraction of composition ? 

708. What cause does Sir H. Davy assign for the attraction be- 
tween bodies of a different nature ? 

709. What is the first law of chemical attraction ? 

710. What is the attraction between particles of a similar na- 
ture called ? 

711. What the second law of chemical attraction f 



more yotl divide the particles ef the bocHes to be combioed,^ tk 
more readily tbej act upon each other. 

Caroline. That is again acircamstance which we might ha?e in- 
ferred ; for the fioer the particles of the two substances are, the 
more easily and peffectlv they will come in contact with each oth- 
er, which must greatly mcilitiate their union. It was for this par- 
pose, you said, that you used iron filings, in preference to wires or 
pieces of iron, for the decomposition of water. 

Jdrt. B, It was once supposed that no mechanical power conld 
divide bodies into particles sufficiently minute for them to act oo 
each other ; and that, in order to produce the extreme division re- 
quisite for a chemical action, one, if not both of (he bodies, should 
be in a fluid state. There are, however, a few instances in which 
two solid bodies, very finely pulverized, exert a chemical action on 
ode another ;* but such exceptions to the general rule are rerj 
rare indeed. 

Emily, In all the combinations that we have hitherto seen, one 
of the constitoents has, I believe, been either liquid or aeriform.— 
In combustion, for inatance, the oxygen is taken from (he atmcs- 
pbere, in which it existed in a state of gas ; and wlienever we bare 
teen acids combine with metals or with alkalies, they were either 
in a liquid or an aeriform state. 

Jtff«. B. The third law of chemical attraction is, that it can take 
place between two, three, four, or even a greater number of bodies. 

Caroline, Oxyds and.acids are bodies composed of two constit- 
uents, but I recollect no instance of the combination of a greater 
number of principles. 

Jdrt, B. The com pound salts, formed by the union of the metals 
with acids, are com()osed of three principles. And there are sails 
formed b;^ the combination of the alkalies with the earths which 
are of a similar description. 

Caroline, Are they of the same kind as the metallic salts? 

J^n, B, Yes ; thev are very analagbus in their nature, although 
different in many of their properties. 

A methodical nomenclature, similar to that ofthe acids, has been 
adopted for the compound salts. Each individual salt derives its 
name from its constKuent parts, so that every name implies t 
knowledge ofthe composition ofthe salt. 

The three alkalies, the alkaline earths, and the metals, are called 
idlifiable hates or radicals^ and the acids, salifying principles. Th« 
name of each salt is composed both of that ofthe acid and the salifi- 
able base ; and it termmates in at or it according to the degree of 
the oxygenation of the acid. Thus, for instance, all those salts 
which are formed by the combination of sulphuric acid with any of 
the salifiable bases, are called sulphate^ and the name of theradicaJ^s 

* This is the case with muriate of ammonia and quick lime.— C. 

7 It. What is necessary in order that chemical action take 
place between different bodies ? 

713. What the third law of chemical attraction f 

714. How are compound salts formed ? 

715. What are called salifiable bases or radicals ? 

716. What are called salifying principles ? 

717. How do salts end ing in ate differ from those ending io «<e.' 
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added (or the specific dittiiiotioa cf tbe salt; if it be potash, it will 
compose a tuiphat of poiath ; if ammonia, rulphnt ofammoniay ftc. 

Emily ' The crystals which we obtained from the combination of 
iron and sulpbario acid were therefore sulphat of iron, 

Mrt. B. PreiJisely ; and those which we prepared by dissolTinif 
copper in nitric acid, nilrat of copper^ and so on. But this is not 
all; if the salt be formed by that class of acids which ends in ow, 
(which you know indicates a less degree of oxyg^enation] the termi. 
nation of the name of the salt will be in t<, as sulphit of potath 
tuiphii of ammonia^ Sui. 

Emily, There must be an immense number of compound salts, 
since there is so ^eat a variety of salifiable radicals, as well as o 
salifying principles. 

Mrs, B. Their real number cannot be ascertained, since it in« 
(teases every day. But we must not proceed further in the investi- 
gation of the compound salts, until we have completed the exami- 
nation of the nature of the ingredients of which they are composed. 

The fourth law of chemical attraction is, that a change of temper- 
ature always takes place at the moment of combination, 1 his arises 
from the extrication of the two electricities in the form of caloric, 
^bich always occurs when bodies unite ; and also sometimes in 
part from a change of capacity in the bodies for heat, which always 
takes place when the combination is attended with an increase of 
density, but more especially when the compound passes from the li- 
quid to the solid form. 1 shall now show you a striking instance of 
a change of temperature from chemical union, merely by pouring 
some nitrons acid on this small quantity of oil of turpentine, the oil 
will instantly combine with the oxygen of the acid, and produce a 
considerable change of temperature^ 

CaroHne, What a blaze! The temperature of the oil and the 
acid must be greatly raised, indeed, to procure such a violent com- 
bustion. 

Mrs. B. There is, however, a peculiarity in this combustion, 
which is, that the oxygen, instead of being derived from the atmos- 
pheric air alone, is principally supplied by the acid itself. 

Emity. And are not all combustions instances of the change of 
temperature produced by the chemical combination of two bodies? 

Mrs, B, Undoubtedly ; when oxygen loses its gaseous form, in 
order to coml4oe with a solid body, it becomes condensed, and the 
caloric evolved produces tbe elevation of temperature. The spe- 
cific gravity of bodies is at the same time altered by chemical com- 
bination ; for in consequence of a change of capacity for heat, a 
chstnge of density must be produced. 

Caroline. That was the case with the sulphuric acid and water, 
which, by being mixed together, gave out a great deal of heat, 
and increased in density. 

718. How do acids ending in ie differ from those ending in ous? 

719. What is the fourth law of chemical attraction .' 

720. From what does the. changeiof temperature arise.' 

721. What is an instance of increase of temperature from chem- 
ical union? 

722. Is the specific gravity of bodies affected by chemical com- 
binatioD ? 

15^ 
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Mn^ B, The fifth law of chemical attraction is, that Vu proper^ 
Uet wMeh characterize bodiet, when eeparaU^ are altered or deetra^ 
ed by their comhincUion. 

Caroline. Certainly ; what, for instaDce, can he so different from 
water, as the hydrogen and oxygen gases? * 

Emily. Or what more unlike sulphat of iron, than iron or sqU 
pburic acid? 

Mrs. B. Every chemical combination is an illnstration of this 
rule. But let us proceed — 

The sixth law is, that the force of chemical affinity between the con- 
etittienU of a body, is estimated by that which is required for their 
separation. This force is not always proportional to the facility 
with which bodies unite; for manganese, for instance, which yon 
know, is so much disposed to unite with oxygen, that it is ney^r 
found in a metallic state, yields it more easily than any other metal. 

Emily. But, Mrs. B., you speak of estimating the force of attrac- 
tion between bodies, by the force required to separate them ; how 
can you measure these forces? 

Jur%> B. They cannot be precisely meouured, but they are com- 
paratively ascertained by experiment, and can be represented by 
numbers which express, at least by approximation, the relative de- 
grees of attraction. 

The seventh law is, that bodies have amongst themselves dijf trend, 
degrees of atlraction. Upon this law, (which you may have discover- 
ed yourselves, long since,) the whole science of chemistry depends, 
for it is by means of the various degrees of affinity which bodies 
have for each other, that all the chemical compositions and decom- 
positions are effected. Every chemical fact or experiment is an > 
instance of the same kind ; and whenever the decomposition of a 
body is performed by the addition of any single new substance, it is 
said to be effected by simple elective attractions. But it often happens 
that no simple substance will decompose a body, and that, in order 
to effect this, you must offer to the compound a body which is itself 
composed of two, or sometimes three principles, which would not, 
each separately, perform the decomposition. In this case there are 
two new compounds formed in consequence of a reciprocal decom- 
position and recoroposition. All instances of this kind are called 
double elective attractions. 

Caroline. I confess I do not understand this clearly. 
. Mrs, B, You wilt easily comprehend it, by the assistance of this 
diagram, in which the reciprocal forces of attraction are represent- 
ed by numbers : 

723. What is the fifth law of chemical attraction? 

724. What is the sixth law of chemical attraction ? 

725. What is the seventh law of chemical attraction ? 

726. Upon what does the whole science of chemistry depend? 

727. What is a simple elective attraction ? 

728. What is a double elective attraction ? 
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We here suppose that we are to decompose sulphat of soda ; that 
is, to separate the acid from ihe alkali ; if for this purpose, we add 
some lime, in order to make it combine with the acid, we shall fail 
in our attempt, because the soda and the sulphuric acid attract each 
other by a force which is superior, and, (by way of supposition) is 
represented by the number 8 ; while the lime tends to unite with 
this acid by an aflSnity equal only to the number 6. It is plain, 
therefore, that the sulphat of soda will not be decomposed, since a 
force equal to 8 cannot be overcome by a force equal only to 6. 

Caroline, So far, this appears very clear. 

Jfrs. B. If on the other hand we endeayour to decompose this 
salt by nitric acid, which tends to combine with soda, we shall be 
equally unsuccessful, as nitric acid tends to unite with the alkali by 
a force equal only to 7. 

In neither of these cases of simple elective attraction, therefore, 
can we accomplish our purpose. But let us previously combine 
together the lime and nitric acid, so as to form a nitrate of lime, a 
compound salt, the constituents of which are united by a power 
equal to 4. If then we present this compound to the sulphatof so- 
da, a decomposition will ensue, because the sum of the forces which 
tend to preserve the two salts in their actual state, is not equal to 
that of the forces which tend to decompose them, and to form new 
combinations. The nitric acid, therefore, will combine with the • 
soda, and the sulphuric acid with the lime.''' 

* Suppose we sajr thus. The sulphuric acid attracts $oda with a 
stronger force than it does /ime, and soda has a stronger affinity for 
gtUphurie add than it has for nitrie acid. It is plain then, that nei- 
ther lime nor nitric acid alone will decompose the sulphat of soda. 
Now if we unite the nitric acid and lime, we form nitrate of lime* — 



729. What is represented in the diagram ? 

730. WTiat it said in the note of the iutject of thii diagram f 
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Cktroline. I understand yoo doit werj weH. This doable effect 
takes place because the numbers 8 and 4, which represent the de- 
l^rees of attraciion of the constituents of the two orig^tnal salts, 
make a sum less than the numbers 7^and 6, which represent the 
degrees of attraction of the two new compounds that will in conse- 
quence be formed. 

Jtfrt. JB. Precisely so. 

Caroline. But what is the meaning of quiescent znd divellent far- 
c^y which are written in the diagram ? 

Mrs. B, Quiescent forces are those which tend to preserve com- 
pounds in a state of rest, or such as they actually are ; divellent 
rorces, those which tend to destroy that state of combination, and 
to form new compounds. 

These are the principal circumstances relative to the doctrine of 
chemical attractions, which have been laid down as rules by mod- 
ern chemists : a few others might be mentioned respecting the 
same theory, but of less importance, and such as would take us too 
far from our plan. I should however, not omit to mention that Mr. 
BerthoUet, a celebrated French chemist, has questioned the uni- 
form operation of elective attraction, and has advanced the opinion 
that, in chemical combinations, the changes which take place and 
the proportions in which bodies combine, depend not only upon the 
affinities, but, also, in some degree, on the respective qualities of 
the substances concerned, on the heat applied during the process, 
and some other circumstances. 

Caroline, In that case, I suppose, there would hardly be two 
compounds exactly similar, though composed of the same materials? 

Mrs. B. On the cootrary it is found that a remarkable uniformity 
prevails, as to proportions, between the ingredients of bodies of 
similar composition. Thus water, as you may recollect to have 
seen in a former conversation, is composed of two volumes of hy- 
drogen gas to one of oxygen, and this is always found to be precise- 
ly the proportion of its constituents, from whatever source the wa- 
ter be derived. ' The same uniformity prevails with regard to the 
various salts ; the acid and alkali, in each kind of salt, being always 
found to combine in the satpe proportions. Sometimes, it is true, 
the same acid, and the same alkah are capable of making two dis- 
tinct kinds of salts ; but in all these cases it is found that one of the 
salts contains just twice, or in some instances, thrice as much acid, 
or alkali, as the other.* 

But the nitric acid has not so strong an affinity for the lime as it has 
for soda. On mixing the two salts in solution therefore, the nitric 
acid quits the lime, and combines with the soda. This leaves the 
sulphuric acid and the lime free and uncombined ; they then unite 
and form sulphat of lime.~C. 

* The student already understands, that in chemical combinatkma 
the union takes place only between the particles, or atoms, of sub- 



731. What are quiescent forces ? 

732. What are divellent forces? 

733. What was the opinion of Bertbollet upen chemical combi- 
nations? 

734. What remarkable uniformity ii found to exist in chemical 
•ombioatioDi? 
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Emify. If the proportions in which bodies combine are to con- 
stant and so well defioe-d, bow can Mr. DerthoUet's remark be re- 
conciled with this uniform system of combination ? 

J^rs, B. Great as that philosopher's authority is in chemistry, it 
is DOW generally supposed that his doubts on this subject were in a 
great degree, groundless ; and ihat the exceptions he has obserred 
in the laws of definite proportions, have been only apparent, and 
may be accounted for consistently with those laws. 

JSmily, i think I now understand this law of definite proportions 
rery well, so far as it regards the gases, such as oxygen and hydro- 
gen« in the instance you hare just mentioned ; but in the case of 
acids and alkalies, when the bodies are either liquid or solid, I do 
not conceive how their bulks or volumes can be measured in order 
to ascertain the proportion in which they combine. 

Mrs, B, Tour question is quite in point; the fact is, that the law 
of combination by volume^ does not prevail in regard to liquids and 
solids. In these, we must leave the circumstance of bulk entirely 
out of consideration. It is to their weight that we must attend, in 
determining the proportions in which they combine; and, according- 
ly, if we take the combining substances in a state of perfect purity, 
and ascertain with great accuracy, once for all, the proportions £jr 
weighit in which they unite, we shall find that in every other instance 
in which these substances have an opportunity of combining, they 
will unite in the same proportions, and in no other— unless it be in 
snch proportions that one of the bodies shall be in weight, exactly 
doable, triple, or quadruple what it was in the former combinatioor 

ttaoces. These atoms, it is supposed, are indivisible, being the uU 
timate particles of which bodies are composed. In chemical com- 
binations, then, where substances are capable of uniting in only one 
proportion, this must be atom to atom. Thus oxygen and hydrogen 
unite only in the proportions of ICO of the former to 750 of the lat- 
ter by weight. Here an atom of oxygen unites to an atom of hy- 
drogen to &rm water; but the atoms of oxygen are seven and an 
half times heavier than those of hydrogen. 

When substances unite in several proportions, the second and 
third are always multiples of the first. Thus 100 parts of manga- 
nese will unite to 14, 2B, 42, or 56 of oxygen, but not with any in- 
termediate quantity, as with 12, 20, 60, &c. This law of definite 
proportions, so far as is known, holds good, where the resulting 
compound differs widely from either of the substances of which it 
is composed, as in the salts, compound minerals, &c. The theory 
of definite proportions is explained by supposing that a substance 
which we shall call A., unites with another substance, B., atom to 
atom, and that this forms a certain compound. When they unite in 
the second proportion, two atoms of B. unite to one of A., and this 
forms another compound, and so on, until the atoms of A. can unite 
to no more of B. — C. 

735. In what proportions do oxygen and hydrogen unite to form 
water? 

736. How much heavier is oxygen than hydrogen? 

737. When acids and alkalies unite in several proportions, what 
relation do these proportions bear to each other? 
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Cmroline. This reanires a good dead of attentioii to be well un- 
derstood ; and I shoald like to ha^e it illustrated by some particu- 
lar example of these different combinations. 

J^n, B. Nothing easier than to satisfy you in this respect. For 
instance, with regard to bulk, nitrogen gas is capable of combining 
with oxygen gas, in different proportions ; thus, one Tolume of ni- 
trogen, by combining with one rolunie of oxygen, forms the sub- 
stance called nitrous gas ; with two volumes of oxygen, it formi 
nitrous acid gas, &c. And with regard to solids and liquids, the 
proportions of which are estimated by weight, I may mention, as 
an example, the case of the salt called sulphat of potash, in which 
a given weight of potash may combine with two different propor- 
tions of sulphuric acid ; but the quantity of acid in one case is ex- 
actly double what it is in the other. 

Emily. And pray what can be the cause of this singular unifor- 
mity in the law of combination ? 

Mn, B. Philosophers have not been able to give us any decisive 
information upon this point; but they have attempted to explain it 
in the following manner ; since chemical combination takes place 
between the most minute particles of bodies, may we not suppose 
that the smallest particles or portions in which bodies combine, (and 
which we may call chemical atoms,) are capable of uniting together 
one to one, or sometimes one to two, or one to three, &c., but that 
' they cannot combine in any intermediate proportion. 

tknily. But if an atom was broken into two, an intermediate com- 
bination would be obtained ? 

J^rs, B. Yes ; but the nature of the atom is incompatible with 
the idea of any farther division ; since the chemical atom is the 
smallest quantity which chemistry can obtain, and such as no me- 
chanic means can possibly subdivide. 

Caroline. And pray, what is the use of all this doctrine of defi- 
nite proportions ? 

Mrs, B. It is very considerable ; for it enables chemists to form 
tables, by which they can see at one glance the composition of all 
the bodies which have been accurately analyzed, and ascertain in 
an instant what quantity of one body will be necessary to decom- 
pose a certain quantity of another; and, in general, such tables 
serve, to present, in one view, the result of any chemical decompo- 
sitions, and the quantities of the new compounds formed ; by which 
means, a considerable saving of labor is gained, either in enabling 
us to calculate beforehand the results of any manufacturing opera- 
tions; or in estimating those obtained in analytical processes. But 
I perceive the subject is becoming rather too intricate for us. We 
must not run the risk of entering into difficulties which might con- 
fuse your ideas, and throw more obscurity than interest upon this 
abstruse part of the philosophy of chemistry.^ 

* This would have been the proper place for mentioning Dr. 
Wollaston*s scale of chemical equivalents ; but the subject has been 
thought to imply some considerations not sufficiently elementary for 
the purpose of this book. It may, however, be just mentioned, thai 
the principal object of this scale is to give a tabular view of the 
proportions in which the several acids and bases combine in forming 
their respective salts, and likewise to indicate the equivalent com- 
pounds which result from their decomposition. The great utility of 
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Caroline. Prtj, Mri. B., can joa deoompote a salt bj meani of 
dectricity, in the same way as we decompose water ? 
. Mri. B, Uodoabledly : and 1 am |^lad this question occurred to 
yon, because it g^res me an opportunity of sbowing yon some rery 
interestioe experiments on the snbject. 

If we dissolye a quantity, howerer small, of any salt in a glass of 
water, and if we plunge into it the extremities of the wires, which 
proceed from the two ends of the Voltaic battery, the salt will be 
gradually decomposed, the acid being attracted by the positive, and 
the alkali by the negatiye wire. 

EmUy. But how can you render that decomposition perceptible? 

Jtff-f . S. By placing m contact with the extremities of each wire, 
in the solution, pieces of paper stained with etertain regetable co- 
lours, which are altered by the contact of an acid or an alkali. 
Thus this blue yegetable preparation called litmus, becomes red 
when touched by an acid ; and the juice of violets becomes green 
by the contact of an alkali. 

But the experiment can be made in a much more distinct manner, 
by receiving the extremities of the wires into different vessels, to 
that the alkali shall appear in one vessel, and the acid in the other. 

Caroline. But then the Voltaic circle will not be completed ; 
how can the effect be produced ? 

Mrt. B. You are right ; I ought to have added that the two ves- 
sels must be connected together by some interposed substance, capa- 
ble of conducting electricity. A piece of moistened cotton wick an- 
swers this purpose very well. STou see that the cotton has one end 
Fig. 31. 




InaUnctt of Chemical dccompoiition bj th« Voltaic Battery. 

immersed in one glass, and the other end in the other, so as to estab* 
lish a communication between any fluids contained in them. We 

this scale, and the peculiar properties which it possesses, though not 
very easily described, may be readily understood on inspecting the 
instrument, which should be in the bands of every chemical student 

' 738. Can a salt be decomposed by means of electricity ? 
73f . When a salt is decomposed by Galvanism, at which pole 
does the acid appear ? 

740. Hoir would you explain Fig. 31 ? 
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•hall DO«r put into each of the glasses a little glauber salt, or ralpUt 
of soda, (which consists of aD acid and alkali,^ and then we ibiM 
fill the glasses with water, which will dissolve (ne salt Let qs now 
eosnect the glasses by roeaosof the wires, (e. d.) with thetwoeDdi 
of the battery, thus ... . 

Caroline. The wires are already giving out small bobbles : is tbii 
owing to the decomposition of the salt ? 

JIfrt. B. No : these are bubbles produced by the decompositioo 
of the water, as you saw in the former experiment. In order to 
render the separation of the acid from the alkali, risible, I poor into 
the glass (a) which is connected with the positive wire, a few drops 
of a solotion of litmus, which the least quantity of acid turns red; 
and into the other ^ss, (b) which is connected with the negttire 
wire, I pour a few drops of the juice of violets .... 

Emily, The blue solution is already toming red all round tbe 
wipe. 

Caroline. And the violet solution is begin aing to turn greeo. 
This is indeed very singular ! 

Mrt. B. You will be still more astonished when we varv tbe ei- 
periment in this manner. — These three glasses (f, g, h,j are, as 
Ftg. 32. in the former instance, 

y ^ ^ ^^^^^^^ connected together by 
wetted cotton, bot tbe 
middle one alone con- 
tains a saline solotion, 
the two others contain- 
ing only distilled water, 
coloured as before by 
vegetable infusions- 
Yet, on making thecon- 

iMtaMMofCheBiMldecAoipMitioabF Um Voltaie Battcrf.Q^^JQU ^i{\i the batte- 
ry, the alkali will appear in the negative glass, (h,] and the acid in 
the positive, glass (f,) though neither of them contained aoy saline 
matter. 

Emily. So that the acid and alkali must be conveyed right and 
leftfirom the central glass, into the other glasses, by means of tbe 
connecting moihtened cotton ? 

Mrs. B. Exactly so ; and you may render the experiment still 
more striking by piittingf into the central glass (k,) an alkaline solo- 
Fig. 33. tion, tbe glauber salt be- 
. _^ X, _^ I ^^ ing placed into (he n^ 
^ ^^^^^ — "" - ^^ — ^gative glass, (I) and tbe 

positive glass, (i) con- 
tainingonly water. Tbe 
acid will be attracted by 
the positive wire, (o) 
and will actually appear 
in the vessel (i.) after 
passing through theal- 

■ •{ Cbcaical deeompoaitionbjtli* Volteie Batt«i7.kalineSOlution,(k) witb- 

^t combining with it, although, you know, acids and alkalies are 
so much disposed to combine. But this conversation has already 





741. How will you explain the experiment illustrated in Fig.jjj 
74S. How will you explain tbo cxpArineat illustrated io Fig. 33. 



m«cb exG€6d«d our utnal Umit», and we e«mot ctabtrfe more up* 
eo tbifi ioterettioi* subject at preieBt. 



CONTERSATIOH XIY. 

ON ALKALIES. 

Mn* B. Haying^ now givtm you some idea of tbe laws by whieb 
cbemical atlractioDs are governed, we may proceed to tbe examina- 
tion of bodies wbicb are formed ip consequence of tbese attractions. 

Tbe first class of compounds that present themselres to oar notice, 
kk our gradual ascent to tbe most complicated combinations, are bo- 
dies composed of only two principles. Tbe sulpburets, pbosphorets, 
carburets, &c. are of this aescription ; but tbe most numerous and 
important of these compounds are tbe combinations of oxygen with 
the yarious simple substances with which it has a tendency to unite. 
Of tbese you have already acquired some knowledge, but it will be 
necessary to enter into further particulars respecting the natiye and 
properties of those most deserving our notice. Of this class are the 
ALKALIES and the earths, which we shall successively examine. 

We shall first take a view of the alkalies, of which there are three, 
viz. POTASH, SODA, and ammonia. The two first are called^ed al- 
koHet,^ because they exist in a solid form at the temperature of the 
atmosphere, and require a great heat to be volatilized. They consist 
as yon already know, of metallic bases combined with oxygen. In 
potash, the proportions are about eighty-six parts of potassium, to 
fourteen of oxygen ; and in soda, seventy-sev^n parts of sodium to 
twenty-three of oxygen. Tbe third alkali, ammonia, has been dis- 
tinguished by the name of volatile alkali^ because its natural form 
it that of gas. Its composition is of a more complicated nature, of 
which we shall speak hereafter. 

Some of the earths bear so strong a resemblance in their proper-* 
ties to tbe alkalies, that it is difficult to know under which bead to 
place them. The celebrated French chemist, Fourcroy, has classed 

"» It has already been stated that a third fixed alkali has lately been 
discovered by IMr. Arfvredson, which has beencaljed lithion. It Was 
first found in a Swedish mineral called petalite : but has since been 
detected in some other minerals. Though this alkali resembles pot- 
asb and soda in its general properties, yet it has decidedl j an alkaline 
substance of its own, capable of forming different salts with the acids, 
and having in particular the property of combining with much 
greater proportions of acid than the other alkalies. 

743. What is the first class of compounds wbicb present them- 
selves to our notice ? 

744. What are instances of this description ? 

745. What are the alkalies ? 

746. Why are potash and soda called fixed alkalies ? 

747. Of what do the fixed alkalies consist? 

748. Why is ammonia called volatile ? 

16 
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two of tbem (barytts and strontites) with the alkalies ; but as lime 
and mag^nesia haye almost an equal title to that rank, I think it bet- 
ter not to separate them, and therefore hare adopted the common 
method of classinc^ them with the earths, and of distinguishing them 
by the name of alkaline earths. 

The general properties of alkalies are, an acrid burning taste, ji 
pungent smell, and a caustic action on the skin and flesh. 

Caroline. I wonder they should be caustic, Mrs. B., since tbey 
contain so little oxygen. 

Mrs, B. Whatever substance has an affinity for any one of the 
constituents of animal matter, sufficiently powerful to decompose it, 
is entitled to the appellation of caustic. The alkalies, in their pure 
state, have a very strong attraction for water, for hydrogen, and for 
carbon, which you know, are the constituent principles of oil, and it 
is chiefly by absorbing these substances from animal matter that 
they eflect its decomposition ; for, when diluted with a sufficient 
quantity of water, or combined with any oily substance, they lose 
their causticity. 

But to return to the general properties of alkalies — they change, 
as we have already seen, the colour of syrup of violets, aod other blue 
vegetable infusions to green ; and have, in general, a very great 
tendency to unite with acids, although the respective qualities of 
these two'classes of bodies form a remarkable contrast. 

We shall examine the result of the combination of acids and alka- 
lies more particularly hereafter. It will be sufficient at present to 
inform you, that whenever acids are brought in contact with alka- 
lies or alkaline earths, they unite with a remarkable eagerness, and 
form compounds perfectly different from either of their constituents ; 
these bodies are called neutral or compound sails. 

The drjr white powder which you see in this phial is pure caustic 
POTASH ; it is very difficult to preserve it in this state, as it attracts, 
with extreme avidity, the moisture from the atmosphere, and if the 
air were not perfectly excluded, it would, in a very short time, be 
actually melted. 
Emily. It is then, I suppose, always found in a liquid state f 
Mrs*. B. No ; it exists in nature in a great variety of forms and 
combinations,' but it is never found in its pure separate state ; it is 
combined with carbonic acid, with which it exists in every part of 
the vegetable kingdom, and is most commonly obtained from the 
ashes of vegetables, which are the residue that remains after all the 
other parts have been volatilized by combustion. 

Caroline. But you once said, that after all the volatile parts of a 
vegetable were evaporated, the substance that remained was char- 
coal ? 

Mrs. B. I am surprised that you should still qonfound the processes 
of volatilization and combustion. In order to procure charcoal, we 
evaporstte such parts as can be reduced to vapour by the operation 

749. What are the general properties of alkalies ? 

750. On what does the caustic property of alkalies depend ? 

751. To what colour do the alkalies change the vegetable bhies ? 
752' How are neutral or compound salts formed ? 

753. What would be the consequence if caustic potash were not 
secluded from the air? 
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of heat alone ; but when we burn the vegetable, we burn the carbon 
also, and convert it into carbonic acid ^s. 

Caroline, That is true ; 1 hope I shaN make no more mistakes in 
ray favourite theory of combustion. 

Mrs. B, Potash derives its name from the pots in which the ve- 
getables, from which it was obtained, used formerly to be burnt ; the 
alkali remained mixed with the ashes at the bottom, and was thence 
called potash. 

Emily, The ashes of a wood fire, then, are potash, since they are 
vegetable ashes ? 

Mrs, B, They always contain more or less potash, but are very 
far from consisting of that substance alone, as they are a mixture of 
various earths and salts which remain after the combustion of ve- 
getables, and from which it is not easy to separate the alkali in its 
pure form. The process by which potash is obtained, even in the im- 
perfect state in which it is used in the arts, is much more complica- 
ted than simple combustion. It was once deemed impossible to se- 
parate it entirely from all foreign substances, and it is only in che- 
mical laboratories that it is to be met with in the state of purity in 
which you find it in this phial. Wood -ashes are, however, valuable 
for the alkali which they contain, and are used for some purposes 
without any further preparation. Purified in a certain degree, they 
make what is commonly called pearl-ash, which is of great efl5cacy 
in taking out grease, in washing linen, &c.; for potash combines rea- 
dily with oil or fat, with which it forms a compound well known to 
you under the name of soap. 

' Caroline, Really ! Then 1 should think it would be better to wash 
all linen with pearl-ash than with soap, as in the latter case, the al- 
kali being already combined with oil, must be leas efficacious in ex- 
tracting grease. 

Mrs. B. Its efiects would be too powerful on fine linen, and 
would injure its texture ; pearl-ash is therefore only used for that 
which is of a strong, coarse kind. For the same reason, you can- 
not wash your hands with plain potash ; but, when mixed with oil 
in the form of soap, it is soft as well as cleansing, and is therefore 
much better adapted to the purpose. 

Caustic potash, as we already observed, acts on the skin, and ani- 
mal fibre, in virtue of its attraction for water and oil, and converts 
jdl animal matter into a kind of saponaceous jelly. 

Emily, Are vegetables the only source from which potash can be 
derived ** 

Mrs. B, No : for though far most abundant in vegetables, it is by 
no means confined to that class of bodies, being found also on the 
surface of the earth, mixed with various minerals, especially with 
earths and stones, whence it is supposed to be conveyed into vege- 
tables by the roots of the plant. It is also met with, though in very 

754. From what is potash obtained ? 

755. From what is the term potash derived ? 

756. Of what do wood-ashes consist ? 

757. How will soap assist in cleansing clothes from grease or oil ? 
* 758. Why may not pearl-ash be used for the purpose, without 
being made into soap ? 

759. Is potash confined to vegetables ? 
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small qoatntitief ,ia fomeammal inbstenoes. 7he mostcommoQ state 
of potash is that of carbonai ; 1 suppose yon understand what that is? 

jEfnHy> I beliere so ; thoug^h i do not recollect that vou erer 
mentioned the word before, ifl am not mistaken, it mnst be a com- 
pound salt, formed bjr the union of carbonic acid with potash. 

Mrs. B. Very true ; you see how admirably the nomenclature of 
modem chemis^ is adapted to assist the memory ; when you hear 
the name of a compound, you necessarily leam what are its consti- 
tuent parts ; and when you are acquainted with these constituents, 
you can immediately name the compound which they form. 

Caroline* Pray how were bodies arrang^ed and distinguished be- 
fore this nomenclature was introduced ? 

Mrt* B. Chemistry was then a much more difficult study ; for 
e?ery substance had an arbitrary name, which it derived from the 
person who discorered it, as Olatiber'i talU for instance ; or from 
some other circumstance relatire to it, thoug^h quite unconnected 
with its real nature as potaah. 

These names have been retained for some of the simple bodies ; 
for as this class is not numerous, and therefore can easily be re- 
membered, it has not been thoug-ht necessary to change them. 

Emily, Yet 1 think it would have rendered the new nomenclature 
more complete to have methodized the names of the elementary, as 
of the compound bodies, though it could not hare been done in the 
same manner* But the names of the simple substances might have 
indicated their nature, or, at least, some of their principal proper- 
ties ; and if, like the acids and compound salts, all the simple bodies 
had a similar termination, they would have been immediately known 
as such. So complete and regular a nomenclature would, I tiiink, 
have given a cleaver and more comprehensive view of chemistry 
than the present, which is a medley of old and new terms. 

Mrs. B. But you are not aware of the difficulty of iDtrodocing 
into science an entire set of new terms ; it oblige all teachers and 
professors to g^ to school again, and if some of the old names, that 
are least exceptionable, were not left as an introduction to the new 
ones, (ew people would have had industry and persererance enough 
to submit to the study of a completely new language ; and the inra- 
rior classes of artists, who Can only act from haott and routine, would 
at least for a time, hxve £slt material inconvenience from a total 
change of their habitual terms. From these considerations, Laroi- 
sier and bis colleagfues, who inrented the new nomenclature, tboi^ht 
it most prudent to leave a few links of the old chain, in order to con- 
nect it with the new one. Besides, you may easily conceive the in- 
convenience which might arise from giving a regular nomenclatnre 
to substances, the simple nkture of mtich is always uncertain ; for 
the new names might, perhaps, have proved to have been founded in 

760. What is the most common state of potash ? 

761. What is carbonat ? 

762. How were bodies arrang^ and disttnguisbed before the new 
nomenclature was introduced ? 

763. Why have the old chemical names been retained ? 

764. What inconvenience mig^t arise from {giving a r^;iilar no- 
menclature to substances, the nature of which u uncertain ? 



90TA8H. 185 

error. And, indeed, cantioas as the inrentort of the modern che* 
mical language hare been, it has already been found necessury to 
modify it in many respects. In those few cases, however, in which 
new terms have been adopted to designate simple bodies, those 
names have been so. contrived as to indicate one of the chief proper- 
ties of the body in question ; this i^tbe case with oxyreo, which, as 
I explained to you, signifies generator of acids ; and nydrc^en ge* 
nerator of water.''' If all the elementary bodies had a simuar ter- 
mination as you propose, it would be necessary to change the name 
of any that might hereafter be found of a compound nature, which 
would be very inconvenient in this age of discovery. 

But to return to the alkalies. — We shall now try to melt some of 
this oaustic potash in a little water, as a circumstance occurs du- 
ring its solution very worthy of observation.— Do you feel the heat 
that is produced f 

Caroline, Tes, I do ; but is not this directljr contrary to our the- 
ory of latent heat, according to which heat is disengaged when fluids 
become solid, and cold produced when solids are melted ? 

Jlfr«. B. The latter is really the case in all solutions ; and if the 
solution of caustic alkalies seems to make an exception to the rule, 
it does not, I believe, form any solid objection to the theory. The 
matter may be explained thus : When water first comes in contact 
with the potash, it produces an effect similar to the slacking of lime, 
that is, the water is solidified in combining with the potash, and thus 
loses its latent beat ; this is the heat that you now feel, and which is 
therefore, produced not by the melting of the solid, but by the solids 
ification of the fluid. But when there is more water than the potash 
can absorb and solidify, the latter then yields to the solvent power 
of the water ; and if we do not perceive the cold produced by its 
melting, it is because it is counter-balanced by the heat previously 
diaengaged.f 

A very remarkable property of potash is the formation of glass by 
its fusion with silicious earth. Tou are not yet acquainted with this 
last substance, further than its being in the list of simple bodies. It 
is sufficient, for the present, that you should know that sand and flint 
are chiefly composed of it ; alone, it is infusible, but mixed with pot- 

* It may hero be observed, that even with regard to these two 
bodies, the nomenclature is become exceptionable, since it is now 
found that oxygen is one of the constituents of alkalies as well as of 
acids, and in particular of the muriatic, 

t This defence of the general theory, however plausible, is liable 
to some obvious objections^ The phenomenon might, perhaps, be 
better »;counted for, by supposing that a solution of alkali in water 
has less capacity for beat than either water or alkali in their sepa- 
ratft stute 

, 765. In the few cases where new names have been adopted to de- 
signate simpte substances, how have these names been contrived ? 

766. What interesting circumstance occurs if caustic potash is 
melted in water ? 

767. How is glass made f 

768. IfcautlicpffUah Uput in iMl«r, %§hy i§k§al diiengagid ? 

16* 
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ash, it melts when exposed to tbe heat of a ftinuce, combines with 
the alkali, and runs into glass. 

Caroline, Who would erer have supposed that the same substance 
which converts transparent oil into such an opaque body as soap, 
should transform that opaque substance, sand, into transparent 
glass ? 

Mr». B, The transparency, or opacity of bodies, does not, I con- 
ceifre, depend so much on their intimate nature, as upon the ar- 
rangement of tbeir particles : we cannot have a more striking in- 
stance of this, than is afforded by the different states of carboo, 
which, though it commonly appears in the form of a black, opaqoe 
body, sometimes assumes the most dazzling, transparent form in 
nature, that of diamond, which, you recollect, is carbon, which 
in all probability, deri?es its beautiful transparency from the pecu- 
liar arrangement of its particles during their crystallization. 

Emily. 1 ne?er should hare supposed that the formation of glan 
was so simple a process as you describe it. 

Jlfr«. S. his by no means an easy operation to make perfect 
glass ; for if the sand or flint, from which tbe silicious earth is ob- 
tained, be mixed with any metallic particles, or other substance, 
which cannot be vitrified, the glass will be discoloured, or deh/xAt 
by opaque specks. 

Caroline. That I suppose, is the reason why objects so often ap- 
pear irregular and distorted through a common elass window. 

J^rs. B. This species of impermction proceeds, I believe, from 
another cause. It is extremely difficult to prevent the lower part 
of the vessels, in which the materials of glass are fused, from con- 
taining a more dense vitreous matter than the upper, on accountof 
the heavier ingredients falling to the bottom. When this happens, 
it occasions the appearancfe of veins or waves in the glass, from the 
difference of density in its several parts, which produces an irre|[a- 
lar refraction of the rays of light which pass through it. 

Another species of imperfection sometimes arises fi^ the fusion 
not being continued for a length of time sufficient to combine the 
two ingredients completely, or from tbe due proportion of potash 
and silex ^which are as two to one) not being carefully obserf ed ; 
the glass, in those cases, will be liable to alteration from the action 
of tbe air, of salts, and especially of acids which will effect its de- 
composition by combinii^^ with the potash, and forming compound 
salts. 

Emily. What an extremely useful substance potash is ! 

JIfrff. B. Besides the ^reat importance of potash in the manufec- 
tures of glass and soap, it is of verjr considerable utility in manjof 
the other arts, and in its combinations with several acids, partictt- 
larly the nitric, with which it forms saltpetre. 
'' . 

769. On what does the opacitv of bodies depend ? 

770. To what does a diamond owe its transparency f 

771. What is the occasion of the veins or waves disoovered oo 
some glass ? 

772. What other imperfection sometimes ocean io tbe nakiDgof 
glass ? 

773. Of what does laltpetre consist ? 
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Caroline. Then saltpetre miift be a ni<ra< of potat^ But we are 
not yet acquainted with the nitric acid. 

Mrs, B, We shall therefore defer entering into the particulars of 
these combinations till we come to a general re?iew of the compound 
salts. In order to avoid confusion, it will be better at present to 
confine ourselves to the alkalies. 

Emily, Qannot you show us the change of colour which you said 
the alkalies produced on blue vegetable infusions ? 
. Jlfr«. B, Yes, very easily. 1 shall dip* a piece of white paper 
into this syrup of violets, which, you see, is of a deep blue, and 
dyes the paper of the same colour. As soon as it is dry, we shall 
dip it into a solution of potash, which, though itself colourless, will 
turn the paper green.* 

Caroline. So it has, indeed ! And do the other alkalies produce a 
similar effect ? 

Mr$,B. Exactly the same.— We may now proceed to soda, 
which, however important, will detain us but a verv short time ; as 
in all its general properties it verv strongly resembles potash ; in- 
deed, so fi^reat is their similitude, that they have been long confound- 
ed, and they can now scarcely be distinguished, except by the dif- 
ference of the salts which they form with acids. 

The ^reat source of this ^ali is the sea, where, combined with 
a peculiar acid, it forms the salt with which the waters of the ocean 
are so strongly impregnated. 

Emily. Is not that the common table salt ^ 

Jdrt. B. The very same ; but again we must post|>one entering 
into the particulars of this interesting combination, till we treat of 
the neutral salts. Soda maybe obtained from common salt ; but 
the easiest and most usual method of procuring it is by the combus- 
tion 6f mairine plants, an operation perfectly aoalag^us to that by 
which potash is obtained from vegetables. 

EinUy. From what does soda derive its name ? 

Jlfr«. B. From a plant called by us soda, and by the Arabs kali, 
which affords it in great abundance. Kali has, indeed, given its 
name to the alkalies in general. 

Caroline, Does soda form glass and soap in the same manner as 
potash ? 

' * A very pretty experiment on the change of colours may be 
made as follows : Make a tincture, by pNOuring boiling water on red 
cabbage and let it stand a while, put it into a phial. The colour 
will be purple. Take two wiue glasses, and into one put a few 
drops of sulphuric acid, and into me other the same quantitv of a 
strong solution of potash. So little of either will dp, that the glasses 
may be inverted for a moment. Then pour the tincture into each, 
and the one containing the acid will appear of a most beautiful red, 
and the other as beautiful a green*— C. 

774. What is the chemical name of saltpetre ? 

775. How may blue vq^etable coburs be turned green ? 
116. How does soda diner from potash ? 

777. What is the great source of soda ? 

778. How may soda be obtained f 

' 779. From what does soda derive its name ? 



Mrs^B, Y6t«itdoes;ititof6qaalimpQrtilieeiiiUietr(i,andii 
even preferred lo potash for Bome purposes ; but yoa will not be aWt 
to distiogoish their properties, till we examiDe the compound lalti 
whioh troy form with acids ; we most therefore leare soda for tbi 
present, and proceed to ammonia, or the yolatilx alkali. 

Emily. I lone^ to bear something of this alkali ; is it not of tbe 
same nature as hartshorn ? 

Mn. B. Tes, it is, as jou will see bye-and-bye. This alkali if 
seldom found in nature in its pore state ; it is most commonly extrtc* 
ted from a compound salt, called iol. ammoniac, which was formerly 
imported from Ammonia, a r^on of Lybta, from which both tbeie 
salts and the alkali derive their names. The crystals oontained in 
this bottle are specimens of this salt, which consist of a combiDS* 
tion of ammonia and muriatic acid. 

Caroline. Then it should be called muriat of ammonia ; for tboogh 
I am ignorant what muriatic acid is, yet I know that its combins- 
tion with ammonia cannot but be so called ; and I am surprised ts 
see sal. ammoniac inscribed on the label. 

Jtfrt. B. That is the name by which it has been so lone knowoi 
that the modern chemists have not yet succeeded in baniBbingittl* 
together ; and it is still sold udder that name by druggists, though by 
scientific chemists it is more properly called muriat of amrnonis. 

Caroline. Both the popular and common name should be inscribed 
on labels— this would soon introduce the new nomenclature. 

Emily. By what means can the ammonia be separated from tbe 
muriatic acid ? 

Mrs. B. Bycbeminnd attractions; but this operation is too com* 
plicated for you to understand till you are better acquainted witb 
the agency of affinities. 

£fiitii^. And when extracted from the salt, what kind of sub- 
stance is ammonia f 

Jlfff. B. Its natural form, at the temperature of the atmosphere, 
when free from combination, is that of gas ; and in this state it is 
called ammiOfiMeal gat. But it mixes ?ery readily with water, and 
can be thus obtained in a liquid form. 

CaroKne. Ton said that ammonia was more complicated iuiti 
composition than the other alkalies; pray of what principles does 
it consist ? 

JUn, B. It was discovered a few y^ears since, by Bertbdlet, a cel- 
ebrated French chemist, that it consisted of about one part of hydro- 
gen to four parts of nitrogeni Having heated ammoniaoal gas on* 
der a receiver, by causing the electrical spark to pass repeatediT 
through it, he found that it increased considerably in bulk, lost sU 
its alkaline properties, and was actually converted into hydrogtBand 
nitrogen gases ; and from the latest and most accurate experiments 

780. Can glass and soap be formed from soda as well as from pottib.' 

781. From what does ammonia derive its name ? 

782. From what is it mostly obtained f 

783. What is the proper chemical name of tiiis vofatOe alkali ? 

784. How can ammonia be separated from muriatic acid? 

785. How is ammoniacal gas obtained ? 

786. Under what form does it appear when ptnre ? 

787. Of what principlee does ammonia consist ? 
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the proportions appear to be, one volume of nitvogpen gai, to three 
of Oxygen gas. ''^ 

X^aroline, Ammonia^ therefore, has not, like the two other alka- 
lies, a metallic basis. 

JITrf. B. It is believed that it has, thoa|;h it is extremely difficult 
to reconcile that idea with what I have just stated of its chemical 
nature. But the fact is, that although this supposed metallic basis 
of ammonia has never been obtained distinct and separate, yet both 
Professor Berzelius of Stockholm, and Sir H. Davy, have suc- 
ceeded in forming a combination of mercury with the basis of am- 
monia which has so much the appearance of an amalgam, that it 
strongly corroborates the idea of ammonia having a metallic basit.f 
But Uiese theoretical points are full of difficulties and doubts, and 
it would be useless to dwell any longer upon them. 

Let us therefore return to the properties of volatile alkali. Am- 
moniacal gas is considerably lighter than oxygen gas, and only 
about half the weig^bt of atmospherical air. It possesses most of the 
properties of the fixed alkalies ; but cannot be of so much use in 
the arts on account of its volatile nature. It is, therefore, never 
employed in the manufacture of glass, but it forms soap with oils 
equally as well as potash and soda; it resembles them likewise in 
its strong attraction for water ; for which reason it can be collected 
in a receiver over mercury only. 

Caroline. I do not understand this. 

Jdrs, B, Do you recollect the method which was used to collect 
gases in a glass reoewer over water f 

Caroline* Perfectly. 

Jlfr*. B, Ammoniacal gas has 'so strong a tendency to unite with 
water, that instead of passing through uiat fluid, it would be in- 
stantaneously absorbed by it We can therefore neither use water 
for that purpose nor any other liquid of which water is a compo- 
nent part ; so that in order to collect this gas, we are obliged to 
have recourse to men;ury, (a liquid which has no action upon it,) 
and a mercurial bath is usied instead of a water bath, suon as we 
employed on former occasions. Water impregnated with this ^ 
is nothing more than the fluid which you mentioned at the beg^n- 
nin^ of ttte conversation — ^hartshorn ; it is the ammoniacal gas es- 
caping from the water which gives it so powerful a smell.f 

* It ought to be hydrogen gas. — C. 

f This amalgam is easily obtained, by placing a globule of mer- 
cury upon a piece of moriat, or carbonat of ammonia, and electri- 
fying this gk^ule by the Voltaic battery. The ^^lobule instantly 
begins to expand to three or four times its former size, and becomes 
much less fluid, though without losing its metallic lustre, a change 
which is ascribed to the metallic basis of ammonia uniting with 
the mercury. This is an extremely curious experiment. 

X To obtain ammoniacal ^s, mix together equal parts of muriate 
of ammonia, and dry burnt lime; after pulverizing each separately, 

788. Has ammonia a metallic basis? 

789. What is the specific of gravity of ammoniacal gas? 

790. How does ammonia resemble potash and soda ? 

791. Why cannot ammonia be collected in a receiver over water ? 

792. What is hartshorn? 
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EmUy. Bat these is no appearance of efferrescence in hartshorn. 

Jlfr«. B. Because the particles of g^as that rise from the water 
are too subtle and minute for their effect to be visible. 

Water diminishes in densitjr, by being impregnated with ammoni- 
acal ^ ; and this augmentation of bulk increases its capacity for 
caloric. 

Emily, In making hartshorn, then, or impregnating water, with 
ammonia, heat must be absorbed and cold produced ? 

JUrs. B. That effect would take place if it was not counteracted 
by another circumstance; the gas is liquefied by incorporating 
with the water, and gives out its latent heat. The condensation of 
the gas more than counterbalances the expansion of the water — 
therefore, upon the whole, heat is produced. But if you dissolve 
ammoniacal gas with ice or snow, cold is produced. — Can yon ac- 
count for that ? 

Emily, The gas in being condensed into a liquid, must give out 
heat ; and on the other hand, the snow or ice in being rarefied 
into a liquid, must absorb heat ; so that beiween the opposite ef- 
fects, I ghould have supposed the original temperature would have 
been preserved. 

Mrs, B, But you have forgotten to take into the account the 
rarefaction of the water, (or melted ice,) by the impregnation of the 
gas, and this is the cause of the cold which is ultimately produced. 

Caroline. Is the sal volatile (the smell of which so strongly re- 
sembles hartshorn) likewise a preparation of ammonia ? 

Mrs. B. 1 1 is carbonat of ammonia dissolved in water ; and which 
in its concrete state, is commonly called salts of hartshorn. Am- 
monia is caustic, like the fixed alkalies, as you may judge by the 
pungent effects of hartshorn, which cannot be taken internally, nor 
applied to deilcate external parts, without being plentifully diluted 

rub them together in a mortar ; put them into a retort, and apply 
the heat of a lamp. Or, the common spirit of sal ammoniac may be 
heated in a retort in the same way. To collect and retain the gas 
without a mercurial bath, fix a receiver or bottle in an inverted 
position, and connect to the retort a tube, which introduce op into 
the receiver, so that it nearly reaches the bottom. As the gas 
comes over, its levity is such, that it fills the upper part of the re- 
ceiver first, gradually driving out the air, and taking its place. To 
keep it for any considerable time, the receiver must be stopped. A 
pretty experiment may be made by introducing up into the receiver 
with the ammonia, some ^muriatic gas. Both gases are invisible 
until they are brought together, when they unite, forming a dense 
white cloud and, fall down in the solid form of muriat.Qf ammoma. 
The muriatic gas is obtained by pouring sulphuric acid on common 
salt, and applying the heat of a lamp. It may be sent up into the 
receiver in the way above described, or ammonia. — C. 

793. What change is produced on water by being impregnated 
with ammoniacal gas? 

794. Why is cold produced if ammoniacal gas is dissolved with 
snow or ice ? 

1 95. HovD can ammonical ga$ be retained for experiments mihotU 
a mercurial bath? 

796. What is sal volatile? 
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with water. — Oil and acids are very excellent antidotes for alkaline 
poisons ; can you guess why ? 

Caroline, Perhaps, because the oil combines with alkali^ and 
forms soap, and thus destroys its caustic properties : and the acid 
converts it into a compound salt, which, I suppose, is not so perni- 
cious as caustic alkali. 
Mrs, B. Precisely so. 

Ammoniacal gas, if it be mixed with atmospherical air, and a 
burning taper repeatedly plunged into it, will burn with a large 
flame of a peculiar yellow colour. 

Emily. But, pray, tell me, can ammonia be procured from this 
Lybian salt only ? 

Jlfr«. B. So far from it, that it is contained in, and may be ex- 
tracted from, all animal substances whatever. Hydrogen and 
nitrogen are two of the chief constituents of animal matter; it is 
^ therefore not surprising that they should occasionally meet and 
combine in those proportions that compose ammonia. But this 
alkali is more frequently generated by the spontaneous decomposi- 
tion of animal substances; the hydrogen and nitrogen gases that 
arise from putrefied bodies combine and form the rohtile alkali. 

Mnriat of ammonia, instead of being exclusively brought from 
Lybia, as it originally was, is now chiefly prepared in Europe, by 
chemical processes. Ammonia, although principally extracted 
from this salt, can also be produced by a great variety of other 
substances. The horns of cattle, especially those of deer, yield it 
in abundance, and it is from this circumstance that a solution of 
ammonia in water has been called hartshorn. It may likewise be 
procured from wool, flesh, and bones ; in a word, any animal sub- 
stance whatever, yields it by decomposition. 

We shall now lay asi^e the alkalies, bowever important the sub- 
ject may be, till we treat of their combination with acids. The 
next time we meet, we shall examine the earths. 



CONVERSATION XV. 

ON EASTHS. 

Mn. B. The earths, which we are to-day to examine, are nine 
in number. 

tILiX, 8TRONTITE8,* 

* There is less eyidence that these four earths are composed of 
metallic bases than there is in the case of ammonia, which it will be 

797. Why are oils and acids good antidotes for alkaline poisons f 

798. From what can ammonia be procured ? 

799. What are the chief constituents of animal matter? 

800. Why has a solution of ammonia in water been called harts- 
horn? 

801. How many earths are there? 

802. What are their names? 
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BARTTXI,* €U.17CIlfA, 

LIMB,* SmCOHLA. 

MAGKB8IA, 

The list three are of late dnoawwj ; their propertiei aie tnl 
imperfectly known : and as they have not yet been applied to tne, 
it will be unnecessary to enter into any particulars reepectiogthem. 
We shall confine our remarks, therefore, to the first fire. They are 
composed, as you hare already learnt, of a metallic basis caobiiMd 
with oxygen : and from this circumstance are incombustible. 

Caroiine. Yet 1 hare seen turf burnt in the country, and it makei 
an excellent fire ; the earth becomes red hot, and produces a yery 
great quantity of beat. 

Mrs, B, It is not the earth that burnsi my dear, but the rooti, 
graM, and other remnants of vegetables that are intermixed with it. 
The caloric, which is produced by the combustion of these sab- 
stances, maJces the earth red hot, and this being a bad condactor 
of heat, retains its caloric a long time ; and were you to examine 
it wh«i cool, you would fiod that it had not absorbud one particle 
of oxygen, nor suffiered any alteration from the fire. Earth is hoiF 
evewp from the circumstance just mentioned, an excellent radittor 
of heatt, and owes its utility, when mixed with fuel, solely to that 
property. It is in this pomt of view that Count Rumfora has re- 
commended balls of incombustible substances to be arranged in fire- 
places, and mixed with the coals, by which means the c^oric die 
engaged by the combustion of the latter is more perfectly reflected 
into die room, and an expense of fuel is saved. 

Emily. I expected that the lists of earths would be much more 
considerable. When I think of the immense variety of soils, 1 am 
astonished that there is not a greater number of earths to form them. 

Jtfrf. B. Tou might, indeed, almost confine that number to four; 
for barytes, strontites, and the others of late discovery, act botib 
small a part in this great theatre, that they cannot be reckoned si 
essential to the general formation of the globe. And you must not 
confine your idea of earths to the formatiqp of soil ; for rock, ma^ 
ble, chalk, slate, sand, flint, and all kinds of stones, from the pre- 
cious jewels to the commonest pebbles ; in a word, ail the immense 

remembered, was supposed to have formed and amalgam with mer- 
cury, and on this account was supposed to have had a metallic ba- 
sis. Of the other earths no one except Dr. Clarice, of Cambridge, 
£ng., has pretended to ofier any but conjectural evidence of their 
metallic nature. This gentleman, on subjecting them to the heatof 
the blow-pipe, charged with oxygen and hydrogen, was led to be- 
lieve he had obtained their metalnc bases. But as his experiments 
have been repeated at the Rojral Institution without success, it Ik 
now understood that the Dr. must have been mistaken.— C. 

803. Of what are the earths composed ? 

804. Why are the earths incombustible? 

806. Why then is turf used for fuel in some oountriet ? 

806. Why is the earth a good radiator of heat ? 

807. What is said of barytes and strontitea, as ooastitutiBg a part 
of the globe .^ , 
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yariety of mineral products, may be referred to tome of these 
earths, either in a simple state, or combined the one with the other, 
or blended with other ingredients. 

Caroline. Precious stones composed of earth ! That seems rery 
(Kffi^lt ID conceive. 

Emily. Is it more extraordinary than that the most precious of 
all jewels, diamond^ stk)uld be composed of carbon ? But diamond 
forms an exception, Mrs. B.; for, though a stone, it is not com- 
posed of earth. 

J^rs. B. I did not specify the exception, as 1 knew yon were so 
well acquainted with it. Besides, I would call a diamond a mineral 
rather than a stone, as the latter term always implies the presence 
of some earth. 

Caroline. I cannot conceiye bow such coarse materials can be 
converted into such beantiful productions. 

Mrs, B. We are very far from understanding all tbfe secret re- 
sources of nature; but I do not think the spontaneous formation of 
the crystals, which we call precious stones, one of the most difficult 
phenomena to comprehend. 

By the slow and regular work of ages, perhaps of hundreds of 
ages, these earths may be gradualljr dissolved by water, and as 
gradually deposited by their solvent in the undisturbed process of 
crystallization. The regular arrangement of their particles, during 
their re-union in a solid mass, gives them that brilliancy, transpa- 
rency, and beauty, for which they are so much admired; and ren- 
ders them in appearance so totally different from t()eir rude and 
primitive ingredients. ^ 

Caroline. But how does it happen that they are spontaneously 
dissolved, and afterwards crystallized ? 

Jlfr#. B. The scarcity of many kinds of crystals, as rubies, eme- 
ralds, topazes, kc,, shows that their formation is not an operation 
very easily carried on in nature. But cannot you imagine that 
when water holding in solution some particles of earth filters 
through the crevices of hills or mountains, and at at length dripples 
into some cavern, each successive drop may be slowly evaporated, 
leaving behind it the particle of earth which it held in solution ? 
You know that crystallization is more regular and perfect, in pro- 
portion as the evaporation of the soWent is slow and uniform ; na- 
ture therefore, who knows no limit of time, has, in all works of this 
kind, an infinite advantage over any artist who attempts to imitate 
such productions. 

Emily, 1 can now conceive that the arrangement of the particles 
of earth during crystallization, may be such as to occasion transpa- 
rency, by admitting free passage to the rays of light ; but I can- 
not understand why crystallized earths should assume such beauti- 
ful colours as most of them do. Sapphire, for instance, is of a ce- 
lestial blue ; ruby, a deep red ; topaz, a brilliant yellow ? 

808. What valuable substance do the earths compose ? 

809. Is it deemed difficult to understand the spontaneous forma- 
tion of crvstal ? 

810. What does the scarcity of many kinds of crystals show ? 

81 1. How may it be supposed that they are formed? 

17 
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Mr 9. B, Nothingf it more Jimple- than to suppose that the v 
raDgement of their particles, is such, as to transmit some of tbe 
coloured rays of light, aod reflect others, in which case the stone 
must appear of the colour of the rajs which it reflects. Bat be- 
sides, it nrequentlj happens that the colour of a stone is owingf to 
a mixture of some metallic matter. 

Caroline. Prajr, are the different kinds of precious stones each 
composed of one individual earth, or are they formed of acombiDa- 
tion of several earths? 

•Afr«. B. A great variety of materials enters into the compositioik 
of most of them ; not only several earths, but sometimes salts and 
metals. The earths, however, in their simple state, frequently 
form very beautiful crystals; and, indeed, it is in that state only 
that they can be obtained perfectly pure* 

Emily. Is not the Derbyshire spar produced bv the crystalliza- 
tion of eartbs, in the way you have just explained r I have been in 
some of the subterraneous caverns where it is found, which are 
similar to those you have described. 

Mrt. B» Tes ; but this spar is a very imperfect specimen of 
crystallization ;* it consists of a variety of ingredients confasedly 
blended together, as you may judge by its opacity, and by the 
Tarious colours and appearances which it exhibits. 

But, in examining the earths in their most perfect and agreeable 
form, we must not lose si^ht of that state in which they are com- 
monly found, and which, if less pleasing to the eye, is for more in- 
teresting by its utility. 

All the earths are more or less endowed with alkaline proper- 
ties ; but there are four, bary tes, magnesia, lime, and strontites, 
whioh are called alkaline earth t, because they possess those quali- 
ties in so gfreat a degree, as to entitle them, in most respects, to the 
rank of alkalies. They combine and form compound salts with 
acids, in the same way as alkalies ; they are, like them, susceptible 
of a considerable degree of causticity, and are acted upon in a simi- 
lar manner by chemical tests. — The remaining earths, silez and 
alumine, with one or two others of late discovery, are in some de- 
gree more earthy, that is to say, they possess more completely the 
properties common to all the earths, which are insipidity, dryness, 
unalterableness in the fire, iufosibility, &c. 

Caroline. Yet, did you not tell us that silex, or siliceous earth, 
when mixed with an alkali, was fusible, and run into glass? 

Mrt, B. Yes, my dear; but the characteristic properties of earths, 

* ^The Derbyshire spar is composed of lime wa6 fluoric acid ; hence 
it is cvAledfluate of lime, Tbe colours are owing to intermixtare 
with metallic oxides. It is a very beautiful mineral, and instead of 
being opaque, it is generally translucent, or nearly transparent-€. 

812. Whence may it be supposed they receive their beantifo' 
colours? • - 

813. What is an instance of simple earths in a state of crystal- 
lization ? 

814. TThat is (he eompontion of DerhyMre spar? 

815. What are alkaline earths? 

816. Why are they so called ? 

817. What properties are common to all earths? 
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which I ha^e mentioned, are to be considered as belonging^ to them 
in a state of purity only ; a state in which they are very seldom to 
be met with in nature. Besides these general properties, each earth 
has its own specific characters, by which it is distinguished from 
any other substance. Let us therefore, review them separately. 
SiiiEX, or SILICA, abounds in flint, sand, sand-stone, agate, jas- 

{)er, &c.; it forms the basis of many precious stones, and particu- 
arly of those which strike fire with steel. It is rough to the touch, 
scratches and wears away metals ; it is acted upon by no acid but 
the fluoric, and it is not soluble in water by any known process ; but 
nature certainly dissolves it by means with which we are unac- 
quainted, and thus produces a varietv of siliceous crystals, and 
amongst these, rock crystal ^ which is the purest specimen of this 
earth. Silex appears to have been intended by Providence to form 
the solid basis of the ^lobe, to serve as the foundation for the origi- 
nal mountains, and give them that hardness and durability which 
has enabled them to resist the various revolutions which the surface 
of the earth has successively undergone. From these mountains 
silictDus rocks, have, during the course of ages, been gradual! v de- 
tached by torrents of water, and brought down in fragments; these, 
ib the violence and rapidity of their descent, are sometimes crum- 
bled to sand, and in this state form the beds of rivers and of the sea, 
chiefly composed of silicious materials. Sometimes the fragments 
are broken without being pulverized by their fall, and assume the 
form of pebbles, which gradually become rounded and polished. 

Emily, Pravt what is the true colour of silex, which forms such a . 
variety of different coloured substances ? Sand is brown, flint is 
Dearly black, and precious stones are of all colours. 

Mrs, B. Pure silex, such as is found only in the chemist's labo- 
ratory, is perfectly white, and the various colours which it assumes 
in the different substances you have just mentioned, proceed from 
the different ingredients with which it is mixed in them. 

Caroline* I wonder that silex is not more valuable, since it forms 
the basis of so many precious stones.* 

J(fr#. B. Tott must not forget that the value we set upon precious 
stones depends in a great measure upon the scarcity with which 
Dature affords them ; for were those productions either common or 
perfectly imitable b^r art, they would no longer, notwithstanding 
their beauty, be so highly esteemed. But the real value of silicious 
earth in many of the most useful arts, is very extensive. Mixed 
with clay, it forms the basis of all the various kinds of earthen 
ware, from the most common utensils to the most refined ornaments. 

Emihf. And we must recollect its importance in the formation of 
glass with potash. 

Mrt, B. Nor should we omit to mention, likewise, many other 

^ The bases of some of the most costly gems, as sapphire, ruby, 
and topaz, are alumine. — C. 

818. In what is silex chiefly found ? 

819. What is the purest specimen of silex? 

820. What is the colour of silex ? 

821. Upon what does the value of precious stones depend ? 

822. For what important uses is silex chiefly valuable f 
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important uses of silex, such as being the chief iugredient of some 
of the most durable cement, of mortar, &c. 

I said before that ^iicious earth combined with no acid but the 
fluoric ; it is for this reason that glass is liable to be attacked bj 
that acid only, which, from its strong affinity to silez, forces that 
substance from its combination with the potash, and thus destroys 
the fflass. 

We shall now hasten to proceed to the other earths, for I am ra- 
ther apprehensive of your growing weary of this part of our subject 

Caroline, I confess that the history oi the earths is not quite so 
entertaining as that of the simple substances. 

J\lrs, B. Perhaps not ; but it is absolutely indispensable that you 
should know something of them ; for they form the basis of so 
many interesting and important compounds, that their total omis- 
sion would throw great obscurity on our general outline of chemi- 
cal science. We shall however, review them in as cursory a 
manner as the subject can admit of. 

AbUMiNE derives its name from a compound salt called alum, of 
which it forms the basis. 

Caroline, But it ought to be just the contrary, Mrs. B.; th^ sim- 
ple body should give instead of taking, its name from the compound. 

Mrs, B, That is true ; but as the compound salt was known long 
before its basis was discovered, it was very natural that when the 
earth was at length separated from the acid, it should derive its 
name from the compound from which it was obtained. However, 
to remove your scruples, we will call the salt according to the new 
nomenclature, sulphat of alumine. From this combination, alu- 
mine may be obtained in its pure state; it is then soft to the touch, 
makes a paste wilh water, and hardens in the fire. In nature it is 
found chiefly in clay, which contains a considerable proportion of 
this earth ; it is very abundant in fullers' earth, slate, and a variety 
of other mineral productions. There is indeed scarcely any mine- 
ral substance more useful to mankind than alumine. In tne state 
of clay, it forms large strata of the earth, gives consistency to the 
soil of valleys, and of all low and damp spots, such as swamps and 
marshes. The beds of lakes, ponds, and springs, are almost en- 
tirely of clay ; instead of allowing of the filtration of water, as sand 
does, it forms an impenetrable bottom, and by this means water is 
accumulated in the caverns of the earth, producing those reservoirs 
whence springs issue, and spout out at the surface. 

Emili/. 1 always thought that these subterraneous reservoirs of 
water were bedded by some hard stone, or rock, which the water 
could not penetrate. 

Mrs, B, That is not the case; for in the course of time water 
would penetrate, or wear away silex, or any other kind of stone, 
while it is effectually stopped by clay, or alumine. 

The solid compact soils such as are fit for corn, owe their consist- 

823. How, and why does the fluoric acid destroy glass ? 

824. Why is it necessary to understand the nature of the earths? 

825. From what does alumine derive it^ name? 

826. What is the sulphat of alumine? 

827. In what is alumine chiefly found ? 

828. In what kind of soil does it occur most abundantly } 
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eaoe in a great measure to alamine ; thii earth is therefore used to 
•mprore sandy or chalky soils, which do not retain a sufficient qoan- 
tiij of water for the purpose of vegetation. 

Alomioe is the most essential ingredient in all potteries. It en- 
ters into the composition of brick, as well as that ot the finest porce- 
lain : the addition of silex and water hardens it, renders it suscept- 
ible of a degree of yitrification, and makes it perfectly fit for its 
rarious purposes. ^ 

Caroline. I can scarcely conceire that brick and china should 
be made of the same materials. 

JUrs, £, Brick consists almost entirely of baked clay ; but a cer- 
tain proportion of silex is essential to the formation of earthen or 
stone ware. In the common potteries saod is used for that purpose ; 
a more pure silez is,'^ 1 belie?e, necessary for the composition of 
procelaiD, as well as a fiuer kind of clay ; and these materials are, 
no doubt, more carefully prepared, and curiously wrought, in the 
one case than in the other. Porcelain owes its beautiful semi- 
transparency to a commencement of vitrification. 

Emily. But the commonest earthenware, though not transparent, 
is covered with a kind of glazmg. 

Ain. B. That precaution is equally necessary for u se as for beau- 
ty, as the ware would be liable to be spoiled and corroded by a va- 
riety of substances, if not covered with a coating of this kind. In 
proceiaio it consists of enamel, which is a fioe white opaque glass, 
formed of metallic oxyds, sands, salts, and such other materials as 
are susceptible of vitrification. The glazing of common earthen- 
ware is made chiefly of oxyd of lead, or sometimes merely of salt, 
which, when thinly spread over earthen vessels, will, at a certain 
heat, run into opaque glass. 

Caroline. And of what nature are the colours which are used for 
painting procelain f 

Mrt. B. Tbey are all composed of metallic oxyds; so that these 
colours, instead of receiving injury from the application of fire, are 
strengthened and develop^ by its action, which causes them to 
undergo different degrees of oxydation. 

Alumme and silex are not only often combined by art, but they 
have in nature a very steng tendency to unite, and are found com- 
bined, in different proportions, in various gems and other minerals. 
Indeed, many of the precious stones, such as ruby, oriental sapi^hire, 
amethystif &c. consist chiefly of alumine. 

We may now proceed to the alkaline earths. I shall say but a few 
words on Babttss, as it is hardly ever used, except in chemical 

* Porcelain clay, of which china ware is made, is found among 
gpranite rocks, and seems to owe its origin to the decomposition of a 
mineral called feldtpar. Its composition is silex and alumine, si- 
lex being the predominant ingredient-<-C. 

f The amethyst is almost entirely composed of silex. — C. 

829. What is the use of alumine for purposes of vegetation ? 

830. What is the use of it in works of art? 

831. To what is the transparency of porcelain owing? 

832. Of what is the glazinffofcommon earthen- ware made? 

833. What is the nature of the coIoutb which are used for paint- 
ing porcelain ? 

17* 
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laboratories. It is reraaiteble for its great weirfat, and its stroii^ 
alkaline properties, such as destroying animal substanoes, turning 
green some blue vegetable colours, and showing a powerful attrac- 
tion for acids ; this last property it possesses to such a deg^ree, par- 
ticularly with regard to the sulphuric acid, that it will ^ways de- 
tect its presence in any substance or combination whatever, by im- 
mediately uniting with it, and forming a sulphat of bary tes. This 
renders it a very valuable chemical test. It is found pretty abun-'' 
dantly in nature in the state of carbonat,* from which the pure 
earth can be easily separated. 

The next earth we have to consider is Lime. This is aeubstance 
of too great and general importance to be passed over so lightly as 
the last. 

Lime is strongly alkaline. In nature it is not met with in its 
simple slate, as its affinity for water and carbonic acid is so great 
that it is always found combined with these substances, with which 
it forms the common lime-stone ; bat it is separated in the kiln from 
these ingredients, which are volatilized whenever a sufficient de- 
gree of heat is applied. 

Emily, Pure lime, then, is nothing but lim^ stone, which has been 
deprived, in the kiln, of its water and carbonic acid ? 

^rs. B, Precisely : in this state it is called quick'Umey and it is so 
caustic, that it is capable of decomposing the dead bodies of animals 
very rapidly, without their undergoing the process of putrefaction* 
1 have here some quick-lime, which is kept carefully corked up in 
a bottle to prevent the access of air : for were it all exposed to the 
atmosphere, it would absorb both moisture and carbonic acid gas 
from it, and be soon slaked. Here is also some lime stone — we 
shall pour a little water on each, and observe the effects that result 
from it. 

Caroline* How the quick-lime hisses ! It is become excessively 
hot!— It swells, and now it bursts and crumbles to powder, while 
the water appears to produce no kind of alteration on the lime- 
tone. 

Mrs, B. Because the lime-stone is alread5r saturated with water, 
whilst the quick-lime, which has been deprived of it in the kiln, 
combines with it with very great avidity, and produces this pnxti- 
gious disengagement of heat, the cause of wliich I formerly ex- 
plained to you; do you recollect it? 

Emily, Yes ; you said that the heat did not proceed from the lime 

''' The native carbonal of bary tes is a rare mineral It is a viru- 
lent poison. The sulphat of bary tes is found in considerable abun- 
dance. — C. 

834. For what is bary tes remarkable ? 

835. For what is it valuable? 

S36. Where is it abundantly found ? 

837. What is the reason that lime is not found in its simj^e state ? 

838. How does lime-stone differ from pure lime ? 

839. What effect will quick4ime have upon the dead bodies of 
animals ? 

840. What effect does the air produce on quick- lime? 

841. What effect has water on it ? 

842. Why will not water have an effect on lim«-sfo&e m wall at 
upon quick-lime ?j 
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bat from the wster wbicfa wat iokdyiedf and thus parted with its 
heat of liquidity. 

J^rs, B. Very well. If we continue to add successire quantities 
of water to the lime, after being slaked and crumbled, as you see, 
it will then gradually be diffusa in the water, till it will at length 
be dissolred in it, and entirely disappear; but for this purpose it 
requires no less than 700 times its weight of water. This solution 
is called lime water,* 

Caroline, How very small, then, is the proportion of lime dlssoi 
▼ed! 

Mrs, B, Barytes is also of very difficult sohition; but it i".™^^^ 
more soluble in ihe stale of crystals. The liijuid contained *!|^ ^ 
bottle is lime-water : it is often used as a medicioe, chiefly, I b^'jf ^^ 
for the purpose of combining with and neutralizing the super^"'*'*' 
dant acid which it meets with in the stomach. 

Emily. I am surprised that it is so perfectly clear : it does not at 
all partake of the whiteness of the lime. 

Mrs, B, Have you forgotten that, in solutions, the solid body is 
so minutely subdivided bv the fluid as to become invisible, and 
therefore, will not, in the least degree impair the transparency of 
the solvent ? 

I said that the attraction of lime for carbonic acid was so strong, 
that it would absorb it from the atmosphere. We may see this effect 
by exposing a glass of lime-water to toe air ; the lime will then sep- 
arate from the water, combine with the carbonic acid, and re-ap- 
pear on the surface in the form of a white film, which is carbonat 
of lime, commonly called chalk* 

Caroline, Chalk is, then, a compound salt ! I never should have 
supposed that those immense beds of chalk, that we see in many 
parts of the country were a salt. Now the white film begins to ap- 
pear on the surface of the water : but it is far from resembling hard 
solid chalk. 

Jdrs. B, That is owing to its state of extreme division : in a lit- 
tle time it will collect into a more compact mass, and subside at the 
bottom of the glass. 

If you breathe into lime-water, the carbonic acid, which is mixed 
with the air that you expire, will produce the same eflistt. It is an 
experiment very easily made: — I shall pour some lime-water into 
this gkos tube, and, by breathing repeatedly into it, you will soon 
perceive a precipitation of chalk. 

* To make lime-water, take a piece of well burned lime, about 
the size of a hen's e^^^ put it into an earthen dish, and sprinkle wa- 
ter on it, till it falls into powder : Thep pour on two quarts of boil- 
ing water, and stir it several times, after the lime has settled ; pour 
off the clear water and cork it for use.~C. 

843* Why is heat disengaged when water is put upon quick lime? 

844. How much water does it take to dissolve lime ? 

845. Is Barytes easily dissolved in water? 

846. Why does not lime-water partake of the whiteness of lime ? 

847. For what has lime a very strong attraction? 

848. Why does a white film collect on the suHhce of iirae-Wfiter 
on being exposed to the air ? 

849. Why will lime-water turn white if yon breathe into K? 
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Emily. I lee already a tmaH irfaite clood fonaed. 

J(fr«. B. It is composed of minute particles of chalk ; at praieBt 
it floats io the water, but it will soon subside. 

Carbonat of lime, or chalk, jou see, is insoluble in water, tinee 
the lime which was dissolred reappears when converted into chalk; 
but you must take notice of a very singular circumstance, which 
is, that chalk is soluble in water impregnated with carbonic acid. 

Caroline. It is rery curious, indeed, that carbonic acid and gai 
should render lime soluble in one instance and insoluble in the 
other ! 

Jdrt. B. I have here a bottle of Seltzer water, which you know, 
is strongly impregnated with carbonic acid ; let us pour a little of 
it into a glass of lime-water. You see that it immediately forms a 
precipitation of carbonat of lime? 

Emily* Yes, a white cloud appears. 

Mrs* B. I shall now pour an additional quantity of the Seltzer 
water into the lime water.— 

Emily. How singular ! The cloud is re-dissolved, and the liquid 
is again transparent. 

Mrt. B. All the mystery depends upon this circumstance, that 
carbonat of lime is soluble in carbonic acid, whilst it is insoluble in 
water ; the first quantity of carbonic acid, therefore, which I intro- 
duced into the lime water, was employed in forming the carbonat 
of lime, which remained visible, until an additional quantity of car- 
bonic acid dissolved it. Thus, you see, when the lime and carbonic 
acid are in proper proportions to form chalk, the white cload ap- 
pears ; but when the acid predominates, the chalk is no sooner 
formed than it is dissolved. 

Caroline. That is now the case; but let us try whether a forther 
addition of lime-water will again precipitate the chalk. 

Emily. It does, indeed ! The cloud re-appears, because, I sap- 
pose, there is now no more of the carbonic acid than is necessary 
to form chalk : and, in order to dissolve the chsdk, a superabun- 
dance of acid is required. 

Jlfr«. B. We have, I think, carried this experiment far enough; 
everf repetition would but exhibit the same appearance. 

Lime combines with most of the acids, to which the carbonic (as 
being the weakest) readily yields it ; but these combinations we 
shall have an opportunity of noticing moce particularly hereafter. 
It unites with phosphorus, and with sulphur, in their simple state; 
in short, of all the e&rths, lime is that which nature employs most 
frequently, and most abundantly, in its innumerable combinations' 
It is the basis of all calcareous earths and stones ; we find it likewise 
in the animal and vegetable creations. 

Emily. And in the arts is not lime of very great utility ? 

Mrs, B. Scarcely any substance more so ; you know that it ie > 

850. What is the chemical name of chalk ? 

851. What is the procets of making lime'toater ? 

852. How may chalk be dissolved ? 

853. What will be the result if Seltzer water be poured into liiDO- 
water? 

854. What is the basis of all calcareous earths and stones ? 

855. Of what use is lime in the arts ? ^ 
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most essenlial requisite in buildiDg, as it constitutes the basis of all 
cements, such as mortar, stucco, plaster, &c. 

Lime is also of infinite importance in agriculture; it lightens and 
warms soils that are too cold and compact, in consequence of too 
great a proportion of clay. But it would be endless to enumerate 
the various purposes for which it is employed ; and you know enough 
of it to form some idea of its importance; we shall therefore, now 
proceed to the third alkaline earth, magnesia. 

Caroline. I am already pretty well acquainted with that earth : 
it is a medicine. 

Jdrs, B. It is in the state of carbonat that magnesia is ueually 
employed medicinally ; it then differs but little in appearance from 
its simple form, which is that of a very fine light white powder. It 
dissolves in 2000 times its weight of water, but forms with acids ex- 
tremely soluble salts. It has not so great an attraction for acids as 
lime, and consequently yields them to the latter. It is found in a 
great variety of mineral combinations, such as slate, mica, amian- 
thif^ ; and more particularly in a certain lime-stone, which has been 
discovered by Mr. Tennaut to contain it in very great quantities. 
It does not attract and solidify water, like lime; but when mixed 
with water and exposed to the atmosphere, it slowly absorbs carbon- 
•ic acid from the latter, and thus loses its causticity. Its chief use 
in medicine is, like that of lime, derived from its readiness to com- 
bine with, and neutralize, the acid which it meets with in the sto- 
•mach. 

Emily, Yet, you said that it was taken in the state of carbonat, 
in which case, it has already combined with an acid? 

Jlfr#. B. Tes ; but the carbonic is the last of all the acids in the 
order of affinities; it will therefore yield the magnesia to any of the 
others. It is, however, frequently taken in its caustic state as a rem- 
edy for flatulence. Combined with sulphuric acid, magnesia forms 
another and more powerful medicine commonly called Epsom icUi. 
Car^lme. And properly, iulphai ofmagneiia, I suppose? Pray, 
bow did it obtain the name of Epsom salt? 

Jllrr. B. Because there is a spring in the neighborhood of Epsom 
which contains thb salt in great abundance. 

The last alkaline earth which we have to mention is stbomtiait, 
or STBoif TiTEs, discovcred by Dr. Hope a few years ago. It so 
strongly resembles barytes in its properties, and is so sparingly 
found in nature, and of so little use in the arts, that it will not be ne- 
cessary to enter into any particulars respecting it. One of the re- 
markable characteristic properties of strontites is, that its salts, 
when dissolved in spirit of wine, tinge the flame a deep red, or blood 
color. 



855. Of what use is lime in agriculture ? 

857. W hat is the simple form of magnesia ? 

858. Does it attract water f 

859. What is its chief use in medicine? 

860. In what state is it used in medicine ? 

861. What does it form combined wi^ sulphuric acid? 

862. Why is the sulpbat of magnesia called Epsom salt ? 

863. Isstrontianofanyuse? 

864. What is one of the remarkable properties of strontites ? 
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ON ACIDS. 

Mrt, B. We may noir proceed to the acids. Of the metallic ox« 
yds, you have already acquired some general notions. This subject 
though highly interesting in its details, is not of sufficient impor- 
tance to our concise view of chemistry, to be particularly treated of; 
but it is absolutely necessary that you should be better acquainted 
with the acids, and likewise with their combinations with the alka- 
lies, which form the triple compounds, called hkutral salts. 

This class of acids is characterized by rery distinct properties. 
They all change blue vegetable infusions to a red color; the^ are 
more or less sour to the tMte ; and hare a general tendency to com- 
bine with the earths, alkalies and metallic oxyds. 

Tou have, I believe, a clear idea of the nomenclature by which 
the base (or radical) of the acid, and the various decrees of acidifi- 
cation, are expressed ? 

Emily* Tes, I think so ; the acid is distinguished by the name of 
its base, and its degree of oxydation, that is, the quantity of oxygen 
it contains, bv the termination of that name in oui otic; thus, sul- 
phureous acid, is that formed from the smallest proportion of oxygen 
combined with sulphur ; sulphurtc acid is that wnich results from 
the combination or sulphur with the greatest quantity of oxygeiw 

J\ir8. B. A still greater latitude may, in many cases, be allowed 
to the proportions of oxygen that can be combined with acidifiable 
radicals; for several of these radicals are susceptible of uniting with 
a quantity of oxygen so small as to be insufficient to give them the 
properties of acids ; in these cases, therefore, they are converted in- 
to oxyds. Such is sulphur, which, by exposure to the atmosphere 
with a degree of heat madequate to produce inflammation, absorbs 
a small proportion of oxygen, which colors it red or brown. This, 
therefore, may be considered as the first degree of oxygenation of 
sulphur ; the 2d converts it into sulphureous acid; the 3d into the 
sulphurtc acid ; and 4thly, if it was found capable of combining with 
a still larger proportion of oxygen, it would then be termed st/^er" 
oxytsenated sulphuric acid. 

Emily. Are these various degrees of oxygenation common to all 
the acids ? 

Jdrs. B. No ; they vary much in this respect ; some are suscep- 
tible of only one degree of oxygenation: others of two or three; 
there are but very few that will admit of more. 

865. What is an acid ? 

866. How are acids distinguished ? 

867. What is meant by the radical of an acid ? 

868. What substance unites to the radical to form an acid ? 

869. How does the language of chemistry distinguish the strong- 
er from the weaker acid f 

870. What term is used to denote the first degree of oxygenation.^ 

871. When a radical unites with another proportion of oxygen 
after that denoted by ic, what term is used? 

872. Are all acids susceptible of the same degree of oxygenation? 
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Caroline. The modern nomenoUtiire must be of imnieiise ad- 
vantage in pointing out so easily the nature of the acids, and their 
various degrees of oxygenation. 

Mrt. B. Till lately many of the acids had not been decomposed ; 
but analogy afforded so strong a proof of their compound nature, 
that 1 could never reconcile myself to classing them with the sim- 
ple bodies, though this division has been adopted by several chem- 
ical writers. At present the muriatic and the fluoric are the only 
acids which have not had their bases distinctly separated. 

Caroline, We have heard of a great variety of acids ; Pray boff 
many are there in all ? 

Jars. B, I believe there are reckoned at present thirty-four, and 
their number is constantly iocreasing as the science impro?es ; but 
the most important, and those to which we shall almost entirely 
confine our attention, are but few. I shall, however, g^?e you a 
general view of the whole ; and then we shall more particularly ex- 
amine those that are the i;nost essential. 

This class of bodies was formerly divided into mineral, vegetable 
and animal acids, according to the substances from which they 
were commonlv obtained. 

Caroline. That, I should think, must have been an excellent ar- 
rangement ; why was it altered f 

Jurs. B. Because, in many cases it produced confusion. In which 
class, for instance, would you place carbonic acid ? 

Caroline, Now I perceive the difficulty. I should be at a loss 
where to place it, as you have told us that it exists in the animal, 
vegetable and mineral kingdoms. 

Emily, There would be the same objection with respect to phos- 
phoric, which though obtained chiefly from bones, can also, you 
said, be found in small quantities in stones, and likewise in some 
plants. 

Mrs, B, You see, therefore, the propriety of changiog this mode 
of classification. These objections do not exist in the present no- 
menclature ; for the composition and nature of each individual acid 
is in some degree pointed out, instead of the class of bodies from 
which it is extracted; and, with regard to the more general divi- 
sion of acids, thev are classed under these three heads : 

First, Acids of known or supposed simple bases, which are form- 
ed by the union of these bases with oxygen. They are the follow- 
ing: 



873. How many acids are there ? 

874. How were acids formerly divided? 

875. What objection was there to this division ? 

876« Under how many general heads or divisions are acids at 
present placed ? 
877. What kind of acids make the first class ? 
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Acids of known and simple bases. 



Tbe sulphuric 
CaAonic 
/fUric 
Photphoric 
Arsenical 
Tungstenic 
J^folybdenic 
Boracic 
Fluoric 
Muriatic , 

This class compreheDds the most anciently known and most im- 
portant acids. The sulphuric, nitric, and muriatic, were formeriy, 
and are still frequently called mineral acids, 

2diy. Acids that have double or binary radicals, and which con- 
sequently consist of triple combinations. These are the ?egetsble 
acids, whose common radical is a compound ofhydrogen and carbon* 
Caroline. But if the basis of all the vegetable acids be the same 
it should form but one acid ; it may indeed combine with different 
proportions of oxygen, but die nature of the acid must be the same. 
Mrs. B. The ooiy difference that exists in the bases«f vegetablt 
acids, is the various proportions of hydrogen and carbon from 
which they are severally composed. But this is enough to produce 
a number of acids apparently very dissimilar. That they do not 
however, differ essentially, is proved by tbeir susceptibility of being 
converted into each other, by the addition or subtraction of a por- 
tion of hydrogen of carbon. The names of these acids are, 
The Acetic ) 
Oxalic 
Tartarom ' 
Citnc 
Malic 
Gallic 
Mucous 
Benzoic 
Succinic 
Camphoric 
Suberic J 

The 3d class ofacids consist of those which have triple radicabt 
and are therefore of a still more compound nature. This class com- 
prehends the animal acids, which are, 
The Lactic ^ 



' Acids of double bases^ being of vegetable origin. 



Prussic 
Formic 
Bombic 
Sebacie 
Zoonie 
Lithic 



. Acids, of triple bates, or animal acids. 



878. What are their names? 

879. Wbat ones of this class are called mineral acids ? 

880. What ones make the second division ? 

881. What is the common radical of vegetable acids ? 

882. What is the difference in the bases of vegetable acids ? 

883. What are tbe names of the vegetable acids ? 

884. What ones make the third division of acids ? 

885. Name the acids ^tb triple radicsJs. 
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I hare g^ren you tbh siHBmary mecomit or enmneratiea of the 
•eids, at yon may find it more satisfaotorjr to baye at once an out- 
line or a general notion of the extent of the aubject : but we ibali 
now confine ourselves to the first class, which requires our more 
immediate attention ; and defer the few remarks which we shall 
have to make on the others, till we treat of the chemistry of the an- 
imal and vegetable kingdoms. 

The acids of simple and known radicals are in most instances ca- 
pable of being decomposed by combustible bodies, (o which they 
yield their oxygeo. If^ for instance, I poor a drop of sulphuric acid 
on this piece of iron, it will produce a spot of ru&t ; you know what 
it is ? 

Caroline, Yes ; it is an oxyd, formed by the oxygen of the acid 
combining with the iron. 

Jdrs. B. Id this case ygu see the sulphur deposits the oxygen by 
which it was acidified on the metal ? And again, if we pour some 
acid on a compound combustible substance, (we shall try it on this 
piece of wood) it will combine with ooeor more, of the constituents 
of that substance, and occasion a decomposition. 

Emily* It has changed the colour of the wood to black. How is 
that.^ 

Mr8. B. The oxygen deposited by the acid has btirnt it ; you 
know that wood in burning becomes black Jbefore it is reduced to 
ashes. Whether it derives the oxygen which boms it from the at- 
mosphere, or from any other source, the chemical effect on the 
wood is the same. In the case of real combustion, wood becomes 
black, because it is reduced to the state of charcoal by the evapora- 
tion of its other constituents. But can you tell me the reason why 
wo6d turns black when burnt by the application of an acid ? 

Caroline, First tell me what are the ingredients of wood ^ 

Mn. B, Hydrogen and carbon are the chief constitueots of 
wood, as of all other vegetable substances. 

Caroline, Well, then, I suppose that the oxygen of the acid com- 
bines with the hydrogen of the wood, to form water ; and that the 
carbon cMf the wood, remaining alone appears of its usual black col- 
our. 

J\ir8, B. Very well indeed, my dear ; that is certainly the most 
plausible explanation. 

Emily. Would not this be a good method of making charcoal ? 

Mn. B, It would be an extremely expensive, and I believe very 
imperfect method ; for the action of the acid on the wood, and the 
beat produced by it, are far from sufficient to deprive the wood of 
all its evaporable parts. 

Caroline. What is the reason that vinegar, lemon, and the acid 
of fruity, do not produce this effect on the wood ^ 

Mn, Bp They are vegetable acids, whose bases are composed of 

886. ^low can acids of simple radicals be decomposed f 

887. if a drop of sulphuric acid falls on a piece of iron, why does 
it prodilce rust ? 

aB8/ Why does acid turn wood black f 

889. Why does wood become black in real combustion? 

890. What are the chief constituents of wood ? 

891. Why do not vinegar, lemon, and the othet yegetable acids 
nrodnce the same effect on wood ? 

^*^ 18 
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hydrogen and carboo ; the oxygen, therefore, will not be disposed 
to quit this radical, where it is already united with hydrogen. The 
strongest of these may, perhaps, yield a little of their oxygen to the 
wood, and produce a stain upon it but the carbon will not be suffi- 
ciently uncovered to assume its black colour. Indeed, the several 
mineral acids themselves possess this power of charring wood in 
very different degrees. 

JSmt/y. Cannot vegetable acids be decomposed, by any combus- 
tibles? 

Jtfr#. B. No: because their radical is composed of two substan- 
ces which have a greater attraction for oxygen than any known bo- 
dy. 

Caroline, And are those strong acids, which burn and decom- 
pose wood, capable of producing similar effects on the skin and 
flesh of animals? 

Jlfr«. B. Yes ; all the mineral acids, and one of them more es- 
pecially, possess powf^rful caustic qualities. They actually corrode 
and destroy the skia and flesh ; but they.do not produce upon these 
exactly the same alteration they do on wood, probably because 
there is a great proportion of nitrogen and other substances in ani- 
mal matter, which prevents the separation of carbon from being so 
conspicuous. 



CONTERSATION XVII. 

OF THE SULPHURIC AND PHOSPHOBIC ACIDS ; OR THE COM- 
BINATI0N8 OF OXYGEN WITH SULPHUR AND PHOSPHORUS ; 
AND OF THE SULPHATS AND PHOSPHATS. 

Mrt,B. In addition to the p^eneral survey which we have taken 
of acids, I think you will find it interesting to examine individually, 
a few of the most important of them, and likewise some of their 
principal combinations with the alkalies, alkaline earths, and metals. 
The first of these acids, in point of importance, is the sulphuric, 
formerly called oil of vitriol. 

Caroline. I have known it a long time by that name, but had no 
idea that it was the same fluid as sulphuric acid. What resemblance 
or connection can there be between oil of vitriol and this acid? 

Mrt. B. Vitriol' is the common name for sulphat of iron, a salt 
which is formed by the combina:tion of sulphuric acid and iron i the 
sulphuric acid was formerly obtained by distillation from this salt, 
ana it very naturally received its name from the substance which 
afforded it. 

892. Why cannot vegetable acids be decomposed by combusti- 
bles ? 

893. Do the niineral acids have the same effect on the skin and 
flesh of animals as on wood ? 

894. If they do not what is the reason ? 

895. What is the proper chemical name of oil of vitriol 2 

896. Why was it called oU of vitriol ? 
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Caroline* But it is still usually called oil of vitriol ? 

Jfrs. B. Tes : a sufficient length of time has not yet elapsed, 
since the invention of the new nomenclature, for it to oe generally 
disseminated ; but as it is adopted by all scientific chemists, there 
is every reason to suppose that it will gradually become universal. 
When I received this bottle from the chemists, oil of vitriol was in- 
scribed on the label ; but as I knew you were very punctillious in 
r^ard to the nomenclature, I changed it, and substituted the words 
sulphuric acid, 

ilmily. This acid has neither colour nor smell, but it appears 
much thicker than water. 

J^rs. B. It is nearly twice as heavy as water, and has, you see, 
an oily consistence. 

Caroline. And it is probably from this circumstance that it has 
been called an oil ; for it can have no real claim to that name, as it 
does not contain either hydrogen or carbon, which are the essential 
constituents of oil. 

JUrs. B. Certainly, and therefore, it would be the more absurd 
to retain a name which owed its origin to such a mistaken analogy. 

Sulphuric acid, in its purest state would probably be a concrete 
substance, but its attraction for water is such, that it is impossible 
to obtain that acid perfectly free from it : it is therefore, always 
seen in a liquid form, such as you here find it. One of the most 
striking properties of sulphuric acid is that of evolving a considera- 
ble quantity of beat when mixed with water; this 1 ha?e already 
shown you. 

Emily. Yes, I recollect it ; but what was the degree of heat pro- 
duced by that mixture ? 

J^r9, B, The thermometer may be raised by it to 300 degrees, 
which is considerably above the temperature of boiling water. 

Caroline, Then the water may be made to boil in that mixture ? 

Mrs. B. Nothing more easy, provided that you employ sufficient 
quantities of acid and of water, and in the due proportions. The 
greatest heat is produced by a mixture of one part of water to four 
of the acid ; we shall make a mixture of these proportions, and 
immerse in it this thin glass tube, which is full of water. 

Caroline. The vessel feels extremely hot, but the water does not 
boil yet. 

Mrs, B, You must allow some time for the heat to penetrate the 
tube, and raise the temperature of the water to the boiling point — 

Caroline, Now it boils — and with increasing violence. 

Jtfrf . B, But it will not continue boiling long : for the mixture 
gives out heat only while the particles of the water and th6 acid are 
mutually penetrating each otner ; as soon as the new arrangement 

897. What is the colour and smell of this acid ? 
«98. What is its weight? 

899. What would sulphuric acid be in its purest state ? 

900. What is the consequence of mixing it with water i* 

901. What is one of its most striking properties ? 

902. llow high may a thermometer be raised by it.? 

903. In what proportions must sulphuric acid and water be mix- 
ed in order to produce the greatest degree of heat ? 

904. Why does the mixture of sulphuric acid and water give out 
heat only for so short a time? 
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of these particles is affected, the mixture will gradually cool,' mA 
the water return to its former temperature. 

You have seen the maDoer in which sulphuric acid decompoaei 
all combustible substances, whether animal, vegetable, or mineral, 
and burns them by means of its oxygeo ? 

Caroline, I have very unintentionally repeated the experiment 
on my gown, by letting a drop of the acid faU upon it, aud it has 
made a stain, which I suppose will neyer wash out. 

J\irs. B, No, certainly ; for before you can put it into water, the 
spot will become a hole, as the acid has literally burnt the mosliD. 

Caroline, So it has indeed ! Well, I will fasten the stopper, and 

Eut the bottle away, for it is a dangerous substance. — Ob, dow I 
ave done worse stilt, for I have spilt some on my hand ! 

J\lr8. B, It is then burned, as well as your gown, for you kooir 
that oxygen destroys animal as well as vegetable matter; and as 
far as the decomposition of the skin of your finger is effected, there 
is no remedy ; but by washing it immediately in water, you will di- 
lute the acid, and prevent any further injury. 

Caroline. It feels extremely hot, I assure you. 

J^rt. B. You have now learned by experience, how cautioasrr 
this acid must be used. You will soon become acquainted with 
another acid, the nitric, which, though it produces less heat on the 
skin, destroys it still quicker, and makes upon it an indelible stain. 
You should never handle any substances of this kind without pre- 
viously dipping your fingers into water, which will weaken their 
caustic effect. But, since you will not repeat the experiment, I 
must put in the stopper, for the acid attracts the moisture from the 
atmosphere, which would destroy its strength and purity. 

Emily* Pray, how can sulphuric acid be extracted from sutphat 
of iron by. distillation? 

Jtfrf . jB. The process of distillation, you know consists io sepa- 
rating substances from one another by means of their different de- 
grees of volatility, and by the introduction of a new chemical agent, 
caloric. Thus, if sulpbat of iron be exposed in a retort to a proper 
degree of heat, it will be decomposed, and the sulphuric acid trill 
be volatilized. 

Emily. But now that the process for forming acids, by the com- 
bustion of their radicals is known, why should not this method be 
used for makin^r sulphuric acid ? 

Jlfr«. B. This is actually done in most manufactures; bat the 
usual method of preparing sulphuric acid does not consist in burn- 
ing the sulphur in oxygen gas (as we formerly did by way of ex- 
periment,] but io heating it together with another substance, nitre, 
which yields oxygen io sufficient abundance to render tbecombw- 
tion in common air rapid and complete. 

CaroUne* This substance, then, answers the same purpose as ox- 
ygen gas? 

Mrs, B. Exactly. In manufactures the combustion is performed 
in m leaden chamber, with water at the bottom, to receive the va- 
pour and assist its condensation. The combustion is however, never 
so perfect but that a quantity of tulphureow acid is formed at the 

905. How does sulphuric compare with nitric acid ? 

906. In what consists the process of distillation ? 

907. How is sulphuric acid obtained ? 
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same time; for, if you recollect that the sulphureous acid, accord- 
ingf to the chemical uomeuclature, differs from the sulphuric only 
by containing less oxygen. 

From its own powerful properties, and from the various combina- 
tions into which it enters, sulphuric acid is of great importance in 
man;^ of the arts. 

It is used also in medicine in a state of great dilution ; for were 
it taken internally, in a concentrated state, it would prove a most 
dangerous poison. 

(proline, I am sure it would burn the throat and stomact). 

•Mrs, B, Can you think of any thing that would prove an anti- 
dote to this poison ? 

Caroline, A large draught of water to dilute it. 

Mrs, B. That would certainly weaken the caustic power of the 
acid, but it would increase the heat to an intolerable degree. Do 
you recollect nothing that would destroy its deleterious properties 
more effectually? 

Emily. An Alkali might, by combining with it ; but, then, a pure 
alkali is itself a poison, on account of its causticity. 

JUrs. B, There is no necessity that the alkali should be caustic. 
Soap, in which it is combined with oil; or magnesia, either in the 
state of carbonat, or mixed with water, would prove the best anti- 
dote. 

Emily. In those cases then, I suppose, the potash and the mag- 
nesia would quit their combinations to form salts with the sulphuric 
acid? 

Mrs, B, Precisely. 

We may now make a few observations on the sulphureous acid, 
which we have found to be the product of sulphur slowly and im- 
perfectly burnt. This acid is distinguished by its pungent smell, 
and its gaseous form. 

Caroline, Its seriform state is I suppose, owing to the smaller 
proportion of oxygen, which renders it lighter than sulphuric acid ? 

Mrs, B, Probably ; for by adding oxygen to the weaker acid, 
it may be converted into the stronger kind. But this change of 
state may dso be connected with a change of affinity with regard 
to caloric. 

Emily, And may sulphureous acid be obtained from sulphuric 
acid by a diminution of oxygen? 

Mrs, B, Yes ; it can be done by bringing any combustible sub- 
stance in contact with the acid. This decomposition is most easily 
performed by some of the acids ; these absorb a portion of the oxy- 
gen from the sulphuric acid, which is thus converted into the sul- 
phureous, and flies off in its gaseous form. 

Caroline, And cannot the sulphureous acid itself be decomposed 
and reduced to sulphur ? 

Mrs, B, Yes; if this gfas be heated in contact with charcoal, the 
oxygen of the gfas will combine with it, and the pure sulphur will 
■ be^regenerated. 

908. How does sulphureous acid differ from sulphuric ? 

909. What would prove the best remedy to a person who had 
swallowed sulphuric acid.' 

910. How may sulphureous acid be obtahned f 

911. How can the sulphurie acid be changed to the sulphureous? 

912. How can sulphureous acid be redacM to sulphur? 

18* 
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Solphoreoiia acid is readilj absorbed by water ; and in ^isUfal 
state it is found j^rticularljr usefol in bleaohinf^ linen and woUsi 
cloths, and is much used in manufactures for those purposes. I 
can show you its efieet in destroying^ coloars, by taking <mtTertta- 
ble stains — I think I see a spot on your gown,£aiily, on whida we 
may try the experiment. 

Emily. It is the staio of mulberries : but I shall be aknost afraid 
of exposing my gown to the experiment, after seeing the effieclt 
which the sulphuric acid produced on that of Caroline— 

Jifrt, B, There i& no such danger from the sulphureous ; bat the 
experiment must be made with great caution, for during the forma- 
tion of sulphureous acid by combustion, there is always some sul- 
phuric produced. 

Caroline, But where is your sulphureous acid ? 

Mrs* B. We may easily prepare some ourselFOs, sUnply bybuni* 
in|f a match ; we must first wet the staiu with water, and now hold 
it m this way, at a distance over the lighted match; the rapoar 
that arrises from it is sulphureous acid, and tho stain, you see, 
gradually disappears. 

Emily, I have frequently taken out stains by this means, with- 
out understanding the nature of the process. But why is it neeei- 
sary to wet the stain before it is exposed to the acid fumes? 

Mrs, B. The moisture attracts aod absorbs the sulphureoos 
acid ; and it serves likewise to dilute any particles of sulphuric acid 
which might injure the linen. 

Sulphur appears to be susceptible of a third combination of OXT* 
gen in which the proportion of the latter is too small to render toe 
sulphur acid. It acquires this slight oxygenation by mere exposure 
to the atmosphere, without any application of heat ; in this case 
the sulphur does not change its natural form, but is only discoloor- 
ed, being changed to red or brown, a state in which it may be 
considered an oxyd of sulphur. 

Before we take leave of the aulphuric acid, we shall say a few 
words of its principal combinations. It unites with all the alkalies, 
alkaline earths and metals, to form compound salts. 

Caroline, Pray, give me leave to interrupt you for a moment.* 
you have never mentioped sluj other salts than the compound or 
neutral salts ; is there no other kind ? 

Mrt, B. The term sail has been used, from time immemorial, as 
a kind of a general name for any substance that has savour, odour, 
is soluble in water, and crystallizable, whether it be of an acid, sa 
alkaline or compound nature : but the compound salts alone retain 
that appellation in modern chemistry. 

The most important of the salts formed by the combinations of the 
sulphuric acid, are, first tulphat of potash, formerly called salfol^' 
chreH : this is a very bitter salt, much used in medicine ; it is finiDd 
in the ashes of most vegetables, hut it may^ be prepared arttficiaUy 
by the immediate combination of sulphuric acid and potash. Ito 

913. What important use is made of this acid ? 

914. What is the easiest process for making this acid? 

915. How would you di^ribe a third combination of sulphur 
with oxygen? 

916. With what does sulphuric acid unite? 

9 17. What is. the meaning of the teem salt ? 
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•ak ift eaailj aoliible in boiling water. Solubility is, indeed, • prop« 
er^ common to all salts ; and they always produce cold in meltin|r< 

ilmily. That must be owing to the caloric which they absorb m 
possingfefrom a solid to a fluid form. 

JIf rf. B. That is, certainly, tbe most probable explanation. 

Sulphat of SodUf commoDly called Glauber's salt, is anotiier me- 
di<»nal salt, which is still more bitter than the preceding. We must 
prepare some of these compounds, tlat you may obsenre tbe phe- 
nomena which take place during their formation. We need only 
pour some sulphuric acid oTer the soda which I hare put into this 
glass. 

Caroline, What an amazing heat is disengaged ! — 1 thought yo« 
said that cold was produced by the melting of salts ? 

tMrs. B, But you must observe that we are now making not melU 
vu^, a salt. Heat is disengaged during the formation of compound 
salts, and a famt light is also emitted, which may sometimes be per* 
ceived in tl)e dark. 

Emily. And is this heat and light produced by the union of tbe 
opposite electricities of the alkaU and the acid ? 

Jdrt.B, No doubt it is, if that theory be true. 

Caroline. Tbe union of an acid ana an alkali is then an actual 
combustion ? 

Mrs. B. Not precisely, though there is certainly much analogy 
in these processes. 

Caroline. Will this sulphat of soda become solid? 

JIfrs. B, We haye not, 1 suppose, mixed the acid and the alkali 
IB the exact proportions which are required for tbe formation of 
tbe salt, otherwise the mixture would have been almost immediate- 
ly ehaoged to a solid mass ; but in order to obtain it in crystals, as 
you see it in this bottle, it would be necessary first to dilute it with 
water, and afterwards to evaporate the water, during which opera- 
tion the salt would gradually crystalize. 

Caroline. But of what use is the addition of water, if it is after- 
wards to be evaporated ? 

Jdra. B. When suspended in water, the sM;id and the alkali are 
more at liberty to act on cash other, their union is more complete, 
and the salt assumes the regukr form of crystals during the slow 
evaporation of its solvent. 

Sulphat of soda liquefies by heat and effloresces in the air. 

Emily. Pray what is the meaning of the word ejffhrescet ? I do 
not recollect your having mentioned it before. 

Mrs, B. A salt is said to effloresce when it loses its water of crys* 
taUization on being exposed to the atmosphere, and is thus gradual- 
ly converted into a dry powder : } ou may observe that these crys- 
tals of sulphat of socla are for from possessing the transparency 
which belongs to their crystalline state ; they are covered witb n 
white powder, occasioned by their having been exposed to the at- 
mosphere, which has deprived their surface of its lustre, by absorb- 
ing its water of crystallization. Salts are, in general, ^itlter efflor' 
eecerd or deliquescent: this latter property is precisely the reverse ojf 

918. Why do the salts produce cold in melting ? 

919. By what name is the sulphat of soda cidled ? 

920. H ow can sulphat ef soda be formed ? 

921. What is tbe signification ef tbe word effloretoes? 
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the former ; that it to say, deliquescent salts absorb water from the 
atmosphere, and are moistened and gradually melted by it. Muriat 
of lime is an instance of great deliquescence. 

Emily, But are there no salts that have the same degree of at- 
traction for water as the atmosphere, and that will consequently not 
be affected by itf 

Jlfr#. B. Yes : there are many such salts, as, for instance, com- 
mon salt, sulphat of magnesia, and a variety of others. 

Sulphat of lime is Tery frequently met with in nature, and consti- 
tutes the well known substance called eyvnanorpkuter qfparit, 

Sulphat of maffnena, commonly called JSJptom salt is another very 
bitter medicine, which is obtained from sea-water and firom several 
springs, or may be prepared by the direct combination of its ingre- 
dients. 

We hare formerly mentioned tulphat qfalunUne as constituting 
the common ulum; it is found in nature chiefly in the neighborhood 
of volcanoes, and is particularly useful in the arts, from its strong 
astringent qualities. It is chiefly employed by dyers and calico- 
printers, to fix colours ; and is used also in the manufacture of 
some kinds of leather. 

Sulphuric acid combines also with the metals. 

Caroline. One of these combinations, stUpkat qfiron^ we are al- 
ready well acquainted with. 

Mrs. B. This is the most important metallic salt formed by sul- 
phuric acid, and the only one which we shall here notice. It is of 
great use in the arts ; and in medicine, it affords a very valikable 
tonic : it is of this salt that most of those preparations called tt^ 
medicinee are composed. 

Caroline* But does any carbon enter into these compositioiis to 
form steel ? . 

J\Ir9. B. Not an atom : they arc, therefore, very improperly cal- 
led steel ; but it is the vulgar appellation, and medical men them- 
selves often comply with the general custom. 

Sulphat of iron majr be prepared, as you have seen, by dissolving 
iron in sulphuric acid: but is generally obtained from the natund 
production called PyriUe, which being a sulphuret of iron, requires 
only exposure to the atmosphei^ to be oxydated, in order to form 
the salt ; this, therefore, is much the most easy way of procurinf 
it on a large scale. 

Emily. I am surprised to find that both acids and compound salts 
are generally obtained from their various combinations, rather than 
from the immediate union of their ingredients. 

J\Ir8. B. Were the simple bodies always at hand, their combina- 
tions would naturally be the most convenient method of forming 
compounds ; but you must consider that, in most instances, then Im 
great difficulty and expense in obtaining the simple ingredient from 



922. What is the signification of the ivord deliquescent f 

923. What substance is frequently found in nature, the same as 
Muphatoflime? 

924. From what is the sulphat of magnesia obtained ? 

925. Where is the sulphat of alumine chiefly found? 

926. For what purpose is it used > 

927. From what is the sulphat of iron obtained? 

928. How is sulphat of iron manuftctared in the large way ? 
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their combinations ; it is, therefore often more expedient to procure 
compounds from the decomposition of other compounds. But, to 
return to the sulphat of iron. iThere is a certain vegetable acid 
called gallic add^ which has the remarkable property of precipitat- 
ing this salt black — I shall pour a few drops of the gallic acia into 
this solution of sulphat of iron — 

Caroline. It is become as black as ink ! 

Jlfr«. B, And it is ink in reality. Common writing ink is a pre- 
ci[ntate of sulphat of iron by g[allic acid ; the black color is owing 
to the format^n of gallat of iron, which being insoluble, remains 
suspended in the fluid. 

This acid has also the property of altering the color of iron in 
its metallic state. You may frequently see its effect on the blade 
of a knife, that has been us^ to cut certain kinds of fruits. 

Caroline. True ; and that is, perhaps, the reason that a silver 
knife is preferred to cut fruits; the gallic acid, I suppose, does not 
act upon silver. — Is this acid found in all fruits? 

Mn. B. It is contained, more or less, in the rind of most fruits 
and roots, especially the radish, which, if scraped with a steel or iron 
knife, has its bright red color changed to a deep purple, the knife 
being at the same time blackened. But the vegetable substance 
in which the gallic acid most abounds, is niUgall^ a kind of ex* 
cresence that grows on oaks, and from which the acid is commonly 
obtained for its various purposes. 

•Mrs. B. We now come to the phosphoric and phosphorous 
ACIDS. In treating of phosphorus, you have seen how these acids 
may be obtained from it by combustion. 

Emily. Yes ; but I should be much surprised if it was the usual 
method of obtaining them, since it is so very difficult to procure 
phosphorus in its pure state. 

Jdn. B. You are right, my dear ; the phosphoric acid, for gene- 
lal purposes, is extraotied from bones, in which it is contained in ti>e 
state or phosphat of lime ; from this salt the phosphoric acid is sepa- 
rated by means of the sulphuric, which combines with the Ume. in 
its pure state, phosphoric acid is either liquid or solid, accprding to 
its degree of concentration. 

Among the salts formed by this acid, photphat of lime is the onhr 
one that affords much interest; and this, we have already observed, 
constitutes the basis of all bones. It is also found in very small 
quantities in some vegetables. 

929. How may the sulphat of iron be turned black? 

930. Why is a knife turned black in cutting fruit? 

931. In what vegetable substance does g^allic acid mostly abound ? 

932. Where is the phosphat of lime found f 
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CONVERSATION XVin. 

OF THE NITRIC AND CARBONIC ACIDS ; OR THE COMBINATIOKS 
OF OXYGEN WITH NITROGEN AND CARBON ; AND OF THE 
NITRAT6 AND CARBONATS. 

Mrs. B. I am almost afraid of introduciDg the subject of the 
NITRIC ACID, as I am sure that 1 shall be blamed by Caroline for 
not having made her acquainted with it before. 

Caroline* Why so, Mrs. B. ? 

Mrs* B, Because you have long known its radical, which is ni- 
trogen, or azote; and in treating of that element, I did not eyeo 
bint that it was the basis of an acid. 

Caroline. And what could be your reason for not mentioning this 
acid sooner? 

*Mrt, B, I do not know whether you will think the reason suffi* 
ciently good to acquit me; but the omission, 1 assure you, did not 
proceed from negligence. You may recollect that nitrogen was one 
of the first simple bodies which we examined ; you were then igno- 
rant of the theory of combustion, which 1 believe was, for the first 
time mentioned in that lesson ; and therefore it would have beep 
in vain, at that time, to have attempted to explain the nature and 
formation of acids. 

Caroline, I wonder, however, that it never occurred to us to in- 
quire whether nitrogen could be acidified ; for, as we knew it was 
classed among the combustible bodies, it was natural to suppose 
that it might produce an acid. 

Mr'i. B. That is not a necessary consequence ; for it might com- 
bine with oxygen only in the degree requisite to form an oxyd. 
But you will find that nitrogen is susceptible of various degrees of 
oxygenation, some of which convert it merely into atn oxyd, and 
others give it all the acid properties. 

The acids, resulting from the combination of oxygen and nitro- 
gen, arte called the nitrous and nitric acids. We will begin with 
the nitric, in which nitrogen is in the highest state of oxygenation. 
This acid has so powerful an attraction for water ^hat it has never 
been obtained perfectly free from it. But water may be so stronffly 
impregnated with it as to form an exceedingly powerful acid solu- 
tion. Here is a bottle of this acid, which you see, is quite limpid. 

Caroline. What a strong offensive smell it has ! 

Mrs. B. This acid contains a greater abundance of oxj^en than 
any other ; but it retains it with very little force. 

Emily. Then it must be a powerful caustic, both from the facility 
with which it parts with its oxygen, and the quantity which it affords. 

933. What is the radical of nitric acid? 

934. What acids are formed by the combination of nitrogen and 
oxygen ? 

935. How does nitric acid naturally exist? 

936. How does this compare with other acids as to the quantity 
of oxygen contained in it? 

937. To what is the great causticity of nitric acid owing? 
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Mrs. B* Very well, Emily ; both causes and effects are exactly * 
such as you describe ; nitric acid burns and destroys all kinds of 
or^nized matter. It even sets fire to some of the most combustible 
substances. — We shall pour a little of it over this piece of dry 
warm charcoal*— ydU see it inflames it immediately ; it would do 
the same with oil of turpentine, phosphorus, and several other very 
combustible bodies. This shows you how easily this acid is decom- 
posed by combustible bodies, since these effects must depend upon 
the absorption of its oxygen. 

Nitric acid has been used in the arts from time immemorial ; but 
it is only within these twenty- five years that its chemical nature has 
been ascertained. The celebrated Mr. Cavendish discovered that 
it consisted of about 10 parts of nitrogen and 25 of oxygen.f These 
principles, in their gaseous state, combine at'a high temperature ; 
and this may be effected by repeatedly passing the electoral spark 
tbroug-h a mixture of the two gases. 

Emily, The nitrogen and oxygen gases, of which the atmosphere 
is composed, do not combine i suppose, because their temperature 
is not sufficiently elevated. 

Caroline. But in a thunder-storm, when the li^htniog repeatedly 
passes through them, may it not produce nitric acid ? We should be 
in a strange situation, if a violent storm should at once convert the 
atmosphere into nitric acid. 

Jlfr#. B. There is no danger of it, my dear: the lightning can af- 
fect but a very small portion of the atmosphere, and thoueh it were 
occasionally to produce a little nitric acid, it never could happen to 
such an extent as to be perceivable. 

Emily. But how could the nitric acid be known, and used, before 
the method of combining its constituent was discovered ? 

Jdrt. B, Previous to that period the nitric acid was obtained, 
and it is indeed still extracted, for the common purposes of art, 
from the compound salt which it forms with pot-ash, commonly 
called niire. 

Caroline. Why is it so called ? Pray, Mrs. B., let these old un- 
meaning names be entirely given up, by us at least ; and let us call 
this salt nitrat of pot-ash, 

* To inflame charcoal, a stronger acid than that sold at the shops 
is necessary. The experiment with oil, turpentine, and phospho- 
rus, succeeds, if about a sixth part of sulph. acid is added to the ni- 
tric acid. The experiment with the turpentine requires caution. 
The vial containing the acid must be tied to a stick, a yard or two 
long, the operator pouring it into a small quantity of the turpentine 
standing at a distance. — U. 

t The proportion stated by Sir H. Davy, in his Chemical Re- 
searches, is as 1 to 2,389. 

938. What is the reason why nitric acid inflames charcoal, oil of 
turpentine, &c. ? 

939. What are the proportions of oxygen and nitrogen in nitric 
acid? 

940. What is the reason that the oxygen and nitrogen of which 
the atmcMiphere is composed, do not combine and form nitric acid ? 

941. Wny does not lightning produce this elevation of tempera- 
ture? 



216 Olf TBS niTBIO 

•^f . B. With all my heart ; but it is necessary that I sboold, at 
least, mention the old names, wad more especially those which are 
yet in common use; otherwise, when you meet with them, yoa 
would not be able to understand their meaning. 
EfnUjf. And how is the acid obtained from this salt ? 
Mrt. B. By the intervention of snlpboric acid, which combines 
with the pot ash, and sets the nitric acid at liberty. This I can 
easily show you, bv mixing some nitrat of potash and sulphuric acid 
in this retort, and heating it over a lamp ; the nitric acid will come 
orer in the form of Tapour, which we shall collect in a glass beU. 
This acid diluted in water, is commonly called aquafortis^ if Car- 
oline will allow me to mention that name. 

Caroline, I bare often beard that aqua fortis will dissolve almost 
all metals ; it is no doubt because it yields its oxygen so easily. 

Jlfr#. B* Tea ; and from this powerful solvent property, it deriv- 
ed the name of aqua fortis, or strong water. Do you not recol* 
lect, that we oxydatcd, and afterwards dissolved, some copper in 
this acid? 

Emily, If I remember right, the nitrat of copper was the first in* 
stance you gave us of a compound sdlt. 

Caroline. Can the nitric acid be completely decomposed and con- 
rerted into nitrogen and oxygen? 

Emily, That cannot be the case, Caroline; since the acid can be 
decomposed only by the combmation of its constituents with other 
bodies. 
J€r». B» True ; but caloric is sufficient for this purpose. 
By makiog the acid pass through a red hot procelain tube, it is 
decomposed ; the nitrogen and oxygen regain the caloric which 
they had lost in combinmg, and are thus both restored to their gas- 
eous state. 

The nitric acid may also be partly decomposed, and is by this 
means coDverted into nitrous acid. 

Caroline. This conversion must be easily effected, as the oxygen 
it so slightly combined with the nitrogen. 

Jifrs. B. The partial decomposition of nitric acid h readily ef- 
fected by most metals ; but it is sufficient to expose the nitrict acid 
to a very strong light to make it give out oxygen gas, and thus be 
converted into nitrous acid. This latter acid appears in various de- 
grees of strength, according to the proportions of nitrous acid gas 
and water of which it is composed; the strongest is a yeHow color, 
as you see in this bottle. 

Varoline. How it fumes when the stopper is taken out ! 
Mrs. B. The acid exists naturally in a |^eous state, and is here 
so strongly concentrated in water, that it is constantly escaping. 

Here is another bottle of nitrous acid, which, you see, is of an or- 
ange red : this acid is weaker, that is, contains a smaller quantity of 
the acid gas ; and with a still less proportion of the g^ it is of an 

942. How is nitric acid obtained from the nitrate of potash ? 

943. What is the common name of nitric acid diluted in water? 

944. What is the propriety of the name aqua fortis ? 

945. How may nitric acid be decomposed ? 

946. How can nitrous acid be formed ? 

947. How may the color of water be effected by the different 
portions of nitrous acid with which it is combined? 
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olire green coloor, as it appears id this third bottle. Id short, the 
weaker the acid, the deeper is its colour. 

Nitrous acid acts still more powerfully od some iDflammable sttb- 
staDces than the oitric. 

Emily. 1 am surprised at that, as it cootains less oxyg^eD. 

Jdra. B, But, oo the other hand, it parts with its oxyg^o much 
more readily : you may recollect that we ODce ioflam^ oil with 
this acid. 

The next combinations of nitrogfen and oxygen form only oxyds 
of nitrogen, the first of wliich is commonly called nitrous air; or 
more properly nitric oxyd gets,* This may be obtained from nitric 
acid, by exposing the latter to the action of metals, as in dissolving 
them it does not yield the whole of its oxygen, but retains a portion 
of this principle sufficient to coovert it into this peculiar gas, a spe- 
cimen of which 1 have prepared, and preserved with this ipverted 
glass bell. 

Emily, It is a perfectly invisible elastic fluid. 

J(fr«. B. Yes ; and it may be kept any length of time in this 
manner over water, as it is not, like the nitric and nitrous acids, 
absorbable by it. It is rather heavier than atmospherical air, and 
is incapable of supporting either combustion or respiration. 1 am 
going to incline the glass gently on one side, so as to let some of the 
g^s escape — 

Emily, How very curious ! — It produces orange fumes like the 
nitrous acid ! that is the more extraordinay, as the gas within the 
glass is pei;fectly invisible. 

J^r», B, It would gfive me much pleasure if you could make out 
the reason of this curious change, without requiring any further 
explanation. 

Uaroline, It seems, by the colour and smell, as if it were convert- 
ed into nitrous acid gas ; yet that cannot be, unless it combines 
with more oxygen ; and how can it obtain oxygen the very instant 
it escapes from the glass ? 

Emily, From the atmosphere, no doubt. Is it not so, Mrs. B. ? 

J^rg, B, You have guessed it ; as soon as it comes in contact with 
the atmosphere, it absorbs from it the additional quantity of oxygen, 
necessary to convert it into nitrous acid gas. And, if I now remove 
the bottle entirely from the water, so as to bring at once the whole 
of the gas in contact with the atmosphere, this conversion will ap- 
pear still more strikins*. 

Emily. Look, Caroline, the whole capacity of the bottle is in- 
stantly tinged of an orange colour ! 

Jdrs, Ji, Thus yoQ see, it is the most easy process imaginable to 

* To procure nitrous air, put into a retort some filings, or shav- 
ings of copper, on which pour nitric acid, diluted with four or ^ve 
parts of water ; then apply the heat of a lamp, and receive the gas in 
the usual way, over water. — C. 

94^. Why does nitrous acid act more powerfully on some inflam- 
mable substances than nitric acid? 

949. How can nitrous air, or nitric oxyd gas be obtained f 

950. How can this gas be preserved f 

961. How can nitrous oxyd gas be converted into nitrous acid 

19 
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coDTcrt nitrous oxyd gat^ into nitrout add %a9* The property of at- 
tracting' oxygen from the atmosphere, without any elevation of tern* 
peratore, has occasioned this gaseous oxyd being used as a test, for 
ascertaining the degree of purity of the atmosphere. I am going to 
show you how it is applied to this purpose. — You see this graduated 
glass tube, which is closed at one end, (dee fig. 30,] I first fill it with 
water, and then introduce a certain measure of nitrous gas, which, 
not being absorbable by water, passes through it, and occupies the 
upper part of the tube, i must now add rather above two-thirds of 
oxygen gas, which will just be sufficient to convert the nitrous oxyd 
gas into nitrous acid gas. 

Caroline, So it has !— I saw it turn of an orange coloar; but it 
immediately afterwards disappeared entirely, and the water, you 
see, has risen, and almost filled the tube. 

^rs, B. That is because the acid gas is absorbable by water, 
and in proportion as the gas impregnates the water, the latter rises 
in the tube. When the oxygen gas is very pure, and the required 
proportion of nitrous oxyd gas very exact, the whole is absorbed by 
the water; but if any other gas be mixed with the oxygen, instead 
of combining with the nitrous oxygen, it will remam and occupy the 
upper part of the tube : or if the gasses be not in the due proportioD, 
there will be a residue of that which predominates. Before we leaye 
this subject, I must not forget to remark that nitrous acid may be 
formed, by dissolving nitrous oxyd gas in nitric acid. Thn solution 
roay be effected simply, by making bubblesof nitrous oxyd gas pasi 
through nitric acid. 

Emily. That is to say, that nitrogen at its highest degree of oxy- 
genation, being mixed with nitrogen at its lowest degree of oxjr* 
genation, will produce a kind of intermediate substance) which ii 
nitrouK acid. 

Mrs. B. You have stated the fact with g^eat precision. —There 
are various other methods of preparing nitrous oxyd, and of obtain- 
ing it from compound bodies ; but it is not necessary to enter into 
these particulars. It remains for me only to mention another curi- 
ous modification of oxygenated nitrogen, which has been distiognish- 
ed by the name of gaseous oaryd of nitrogen. It is but lately that 
this gas has been accurately exammed, and its properties have been 
investigated chiefly by Sir H. Davy. It has obtained also the nam« 
of exhilarating gas, from the very singular property which that 
gentleman has discovered in it, of elevating the animal spirits, when 
inhaled into the lungs, to a degree sometimes resembling delirium 
or intoxication. 

Caroline. It is respirable, then ? 
' Emily. It can scarcely be called respirable, as it would not sup- 
port life for any length of time ; but it may be breathed for a few 
moments without any other efifects, than the singular exhilaration of 
•spirits I have just mentioned. It affects different people, however, 
in a very different manner. Some become violent, even outrageoni} 

. 952. On what principle can nitrous air be applied, to test i^ptt* 
rity of the atmosphere f • 

953. What is the process ? 

954. By what other name is the exhilarating g^ called? 

955. And why it it called exhilarating gas ? 
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others experience a languor attended withfaintness ; hot most agre^ 
in opinion, that the sensations it excites are extremely pleasant. 

Caroline. I thought I should like to try it — how do you breathe it.^ 

JUrs, B. By collecting the gas in a bladder, to which a short tube 
with a stop-cock, is adapted : this is applied to the mouth with one 
hand, whilst the nostrils are kept closed with the other, in order that 
the common air may have no access. You then alternately inspire, 
apd expire the gas, till you perceive its effects. But I cannot con- 
sent to your making the experiment; for the nerves are sometimes 
unpleasantly affected by it, and I would not run any risk of that 
kind. 

Emily, I should like, at least, to see some body breathe it; but 
pray by what means is this curious gas obtained? 

Mra. B. It IS procured from nitrat of ammonia* an artificial 
salt, which yields this gas on the application of a gentle heat. I have 
put some of the salt into a retort, and by the aid of the lamp the gas 
will be extracted. — 

Caroline, Bubbles of air begin to escape through the neck of the 
retort into the water apparatus; will you not collect tbem ? 

Jdrs, B, The gas that first comes over need not be preserved, as 
it consists of little more than common air that was m the retort ; 



* To make nitrate of ammonia^ take some nitric acid, or aqua 
fortis — dilute it with four or five quarts of water; put it into a shal- 
low earthen dish, and throw in pieces of carbonate of ammonia, un- 
til the effervescence ceases. Evaporate about one third of the liquor 
by a gentle heat, and set it away to crystallize. The crystals are 
long strained prisms. To procure the nitrous oxide or exhilarating 
gas, and to try its effect by respiration, the following simple appa- 
ratus may be used, where a better is not at hand. Put some nitrate 
of ammonia into an oil flask, having first fitted to it a cork, and glass 
tube, bent so as to go under the receiver in the water bath. Then 
apply the gentle heat of a lamp. 

For a receiver, fill a large jug with water, and invert it in the 
water bath ; having fitted to the jug a cork, having two holes made 
through it with a burning iron ; into one of these holes put a glass 
tube open at both ends, and nearly long enough to reach the bottom 
of the jug. Provide a large bladder furnished with a short tube tied 
to it. When the jug is nearly filled with the gas, rehiove and set it 
upright; by passing the hand under its mouth — then put in the cork 
and tube, the other opening in the cork being closed. When you 
wish to breathe the gas, take the stopper out of the cork, and pass 
in the tube attached to the bladder. Then by means of a small tun- 
nel, pour water into the jug through the long tube, until it drives 
out g9M enough to fill the bladder. Mrs. B. describes the manner 
of breathing it. 

Caution, Let the gas stand an hour or two over w^ter before it 
is breathed. — O. 



956. How is this gas breathed ? 

957. How is this gas obtained ? 

958. JVhen do chemical decompositiont and combinations lake place^ 
during the formation of this gas from nitrate of ammonia? 

959. What caution is necessary befure it is breathed? 
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besides there is always in this experimeDt, a qaantitr of watery n- 
pour which must come away before the nitroas oxyd appears. 

Emily. Watery vapour? Whence does that proceed? There is 
DO water id nitrat of aroroooia? 

Jffrs, B. You must recollect that there is in every salt a qnantitj 
of water of crystallization which may be evaporated by heat alone. 
Bat, besides this, w^ter is actually generated in this experiment, as 
you will see presently. First tell me, what are the constituent parts 
of nitrat of ammonia? 

Emily. Ammonia, and nitric acid ; this salt, therefore, contains 
three different elements, nitrogen and hydrogen, which produce the 
ammonia ; and oxygen, which, with nitrogen, forms the acid. 

J)lrs. B. Well then, in this process the ammonia is decomposed: 
the hydrogen quits the nitrogen to combine with some of the oxygen 
of the nitric acid, and forms with it the watery vapour which is aow 
coming over. When that is effected, what will you expect to find? 

Emily Nitrous acid instead of nitric acid, and nitrogen instead 
of ammonia. 

Jtfrt. B. Exactly so ; and the nitrous acid and nitrogen combine 
and form the gaseous oxyd of nitrogen, in which the proportion o 
oxygen' is 37 parts to 63 of nitrogen. 

You may have observed, that for a little while no bubbles of air 
have come over, and we have perceived only a stream of vapoar 
condensing as it issued into the water.~Now bubbles of air again 
make their appearance, and I imagine that by this time all the wa- 
tery vapour is come away, and that we may begin to collect the gas. 
We may try whether it is pure, by filling a phial with it, and plung- 
ing a taper in it — ^yes, it will do now, for the taper burns brighter 
than in the common air, and with a greenish flame. 

Caroline. But how is that ? I .thought no gas would support com- 
bustion but oxygen or chlorine. 

Mr a. B. Or any gas that contains oxygen, and is ready to ^eld 
it, which is the case with this in a considerable degree; it is not 
therefore, surprising that it should accelerate the combustion of the 
taper. 

You see that the gas is now produced in great abundance ; we 
shall collect a large quantity of it, and I dare say that we shall find 
some of the famil v who will be curious to make the experiment of 
respiring it. Whilst this process is going on, we may take a gene- 
ral survey of the most important combinations of the nitric and ni- 
trous acids with the alkalies. 

The first of these is nitrat of potash, commonly called nitre, or 
taUpetre. 

Caroline, Is not that the salt with whicl^ gunpowder is made? 

Mrs. B. Yes. Gunpowder is a mixture of five parts of nitrat to 
one of sulphur, and one of charcoal. — Nitre, from its great propor- 

960. What are the constituent parts of nitrat of ammonia ? 

96 1. What is the process of making nitrous oxide ? 

962. How is the gaseous oxide of nitrogen formed? 

963. How can it be determined when it is pure? 

964. What is the common name of nitrat of potash ? 

965. Of what is gunpowder made ? 
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tion of oxygen, and from the facility with which it yields it, is th* 
basis of the roost detonating' compositions. 

Emily, But what is the cause of the Tiolent detonation of gun- 
powder when set on fire ? 

Mrs. B, Detonation may proceed from two causes ; the sudden 
formation or destruction of an elastic fluid. In the first case, when 
either a solid or liquid is instantaneously converted into an elastic 
fluid, the prodigious and sudden expansion of the body strikes the 
air with great violence, and this concussion produces the sound 
called detonation. 

Caroline. That 1 comprehend very well ; but how can a similar 
effect be produced by the destruction of a gas ? 

J\ir». B. A gas can be destroyed only by condensing it to a liquid 
or solid state ; when this takes place suddenly, the gas, in assuming 
a new and compact form, produces a vacuum, into which the sur- 
rounding^ air rushes with great impetuosity ; and it is by that rapid 
and violent motion that the sound is produced. In all detonations, 
therefore, gases are either suddenly formed or destroyed. In that 
of g'unpowder, can you tell me which of these two circumstances 
takes place ? ' , 

Emily. As gunpowder is a solid, it must, of course, produce the 
g^ases in its detonation ; but how I cannot tell. 

Mn. B. The constituents of gun powder, when heated to a cer- 
tain degree, enter into a number of new combinations, and are in- 
stantaneously converted into a varietjr of gases, the sudden explo- 
sion of which gives rise to the detonation. 

Caroline^ And in what instance does the destruction or condensa- 
tion of gases produce detonation? 

Jiirs, B. I can give you one with which you are well acquainted ; 
the sudden combination of the oxygen and hydrogen gases. 

Caroline. True ; I recollect perfectly that hydrogen detonates 
with oxysfen when the two gases are converted into water. 

Mrt. B. But let us return to the nitrat of potash. This salt is 
decomposed when exposed to heat, and mixed with any combusti- 
ble body, such as carbon, sulphur, or metals, these substances oxy- 
dating rapidly at the expense of the nitrat. I must show you an in- 
stance of this. 1 expose to the fire some of the salt in a small iron 
ladle, and when it is sufficiently heated, add to it some powdered 
charcoal ; this will attract the oxygen from the salt, and be con- 
verted into carbonic acid. 

Emily. But what occasions that crackling' noise, and those vivid 
flashes that accompany it ? « . 

Mr$. B. The rapidity with which the carbonic acid gas is formed, 
occasions a succession of detonations, which, together with the 
emission of flame, is called deflagration. 

Nitrat of ammonia we have already noticed, on account of the 
g^aseous oxyd of nitrogen which is obtained from it. 

965. Why is nitre the basis of most detonating compositions ? 

967. What is the cause of the detonation of gunpowder, when 
fire is set to it ? 

968. What causes the detonation when a gas is destroyed ? 

969. . In what instances does the destruction or condensation of 
g^es produce detonation ? 

970. When is the nitrat of potash decomposed? * 

19* 
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M||m/o/*nf9ar, Uthelonar oanttic, ao remarkable for its de- 
stroyiDgf ainmal fibre, for which purpose it is oftea used by rat- 
IpeoDS. We have said so much on former occasions, on the mode 
in which caustics act on animal matter, that I shall not dttaiu yoa 
mnrlonifer on this subject. 

We now come to carbonic acid, which we hare ^ready had 
many opportunities of noticing-. You recollect that this acid mty 
be formeid by the combustion of carbon, whether in its imperfect 
State of charcoal, or in its purest form of diamond. And it is not 
necessary, for this purpose, to burn the carbon in oxygen gas, as we 
did in the preceding lecture ; for you need only light a piece of 
charcoal, and suspend it under a receiver on the water bath. The 
charcoal will soon be extinguished, and the air in the receiver will 
be found mixed with carbonic acid. The process, however, is 
mnch more expeditious if the combustion be performed in pure ox- 
gen gas. 

Caroline* But how can you separate (be carbonic acid, obtained 
in this manner, from the air with which it is mixed ? 

Mrs. B. The readiest mode is to introduce under the receiver a 
quantil;^ of caustic lime, or caustic alkali, which soon attracts the 
whole carbonic acid to form a carbonat. The alkali is foood in- 
creased in weight, and the Yolnme of the air is diminished by t 
quantity equal to that of the carbonic, acid whioh was mixed witk it 

Emily. Pray, is there no method of obtaining pure carbon from 
carbonic acid ? 

J(fr#. B. For a loog time it was supposed that carbonic acid was 
not decompoundable; but Mr. Tennant discovered, a few years ago, 
that this acid may be decomposed by burning phosphorus in a cloMd 
vessel with carbonat of soda or carbonat of lime ; the phosphorus 
absorbs the oxygen from the carbonat, whilst the carbon is separa- 
ted in the form of a black powder. This decomposition, however, 
is not affected simply by the attraction of the phosphorus for oxgeo, 
since it is weaker than that of charcoal ; but the attraction of the 
alkali or lime for the phosphoric acid, unites its power at the same 
time. 

Caroline. Cannot we make the experiment ? 

Mrs, B, Not easily ; it requires being performed with extreme 
nicety, in order to obtain any sensible quantity of carbon, and the 
experiment is much too deljcate for me to attempt it. But there 
can be no doubt of the accuracy of Mr. Tennant's results ; and all 
chemists now agree that one hundred parts of carbonic acid gas 
consistsof about twenty-eight parts of carbon to seventy-two of 
oxygen gas. But if you recollect, we decomposed carbonic acid 
gas, the other day, by burning potassium in it. 

Caroline. True, so we did ; and found the carbon precipitated 
on the regenerated potash. 

J(fr#. B. Carbonic acid gas is found very abundantly in nature ; 
it is supposed to form about one thousandth part of the atmosphere, 

•71. What is nitrat of silver ? 

972. What gas is produced by the burning of charcoal in oxygea 
gas? 

973. How is carbonic acid formed ? 

974. And how can carbon be obtained from carbonic acid? 

975. What portion of the atmosphere does this gas form ? 

976. How is the carbonic acid gas in the atmosphere produced? 
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and 18 txmttandy prodncod by tbe retpiratioo of aBimalf ; it exists 
in a mat yariety of oombioatiooB, and is exhaled from many natu- 
ral deoompositioDs. It is contained in a state of g^reat purity in 
certain caves, soch as the OroUo del Cane^ near Naples. 

Emily. I recollect haying read an account of that grotto, and of 
the cruel experiments made on the poor dogs, to gratify the curiosi- 
ty of strangers. But I understood that the yapour exhaled by the 
caye was cdWeA fixed air. 

J^rs. B* That is the name by which carbonic acid was known 
before its chemical composition was discoyered. ^Tbis gas is more 
destructiye of life than any other ; and if the poor animals that are 
submitted to its effects are not plunged into cold water as soon as 
they become senseless, they do not recoyer. It extinguishes flame 
instantaneously. I have collected some in this glass, which I will 
poor oyer the candle.* 

Caroline, This is extremely singular— it seems to extinguish the 
light as it were by enchantment, as the sfas is invisible. 1 neyer 
should have imagined that gas could haye been poured like a liquid. 

Jdrt. B. It cau be done with carbonic acid only, as no other gas 
is sufficiently heayy to be susceptible of being poured out in the 
atmospherical air* without mixing with it. 

Emily, Pray, by what means did you obtain this gas ? 

J(fr#. B, I procured it from marble. Carbonic acid gas haK so 
strong an attraction for all the alkalies and alkaline earths, that 
these are always found in nature in the state of carbonats. Com- 
bined with lime, this acid forms chalk, which may be considered as 
the basis of all kinds of marbles, and calcareous stones. From these 
substances carbonic acid is easily separated, as it adheres so slight- 
ly to its combinations, that the carbonats are all decomposable b^ 
any of the other acids. I can easily show you how I obtained this 
gas ; I poured some diluted sulphuric acid oyer pulyerized marble 
in this bottle, (the same which we used the other day to prepare 
hydrogen gas,] and the gas escaped through the tube connected 
with it ; the operation still continues, as you may perceive — 

Emily, Tes, it does ; there is a great fermentation in the glass 
vessel. What singular commotion is excited by the sulphuric acid 
taking possession of the lime, and driving out the carbonic acid ? 

Caroline, But did the carbonic acid exist in a g^aseous state in 
the marble ? 

Jlfrt. B. Certainly not ; tb^ acid, when in a state of combina- 
tion is capable of existing in a solid form. 

Caroline, Whence, then, does it obtain the catoric necessary to 
convert it into gas ? 

* Merely pouring it over a candle, will not extinguish it. Put a 
short piece of candle, or taper, into the bottom of a deep tumbler, 
and then pour in the gas, and the flame goes out as quickly as 
though you poured in water. — C. 

977. By what name was this known before its chemksal com- 
position was discovered ? ,/.'•» 

978. By what means is this gas procured for expenment f 

979. Of what is chalk formed ? , , , , .u » 

980. What is the basis of all kinds of marble and calcareous earths t 

981. How may carbonic acid be obtained from marble? 
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Jtfrf. B. It may be supplied io this case from the mixtare of sol- 
pboric acid and water, which produces an evolution of beat, efen 
greater than is required for the purpose ; since, as you may per- 
ceiye by touching^ the glass vessel, a considerable quantity of the 
caloric disengaged becomes sensible. But a supply of qaloric may 
be obtained also from a diminution of capacity for heat, occasioned 
by the new combination which takes place ; and, indeed, this mast 
be the case when other acids are employed for the disengagement 
of carbonic acid gas, which do not, like the sulphuric, produce heat 
on being mixed with water. Carbonic acid may likewise be dis- 
engaged from its combinations by heat alone, which restores it to 
its gaseous state. 

Caroline. It appears to me very extraordinary that the same gas 
which is produced by the burning of wood and coal should exist 
also in such bodies as marble and chalk, which are incombustible 
substances. 

JIfr*. B, I will not answer that objection, Caroline, because I 
think I can put you in the way of doing it yourself. Is carbooic 
acid combustible? 

Caroline, Why, no— because it is a body which has been already . 
burnt ;* it is carbon only, and not the acid that is combustible. 

Mrs, B. Well, and what inference do you draw from this ? 

Caroline, That carbooic acid cannot render the bodies with which 
it is united combustible ; but that simple carbon does, and that it is 
in this elementary state that it exists in wood, coals, and a greatva- 
riety of other combustible bodies. Indeed, Mrs. B., you are very 
ungenerous ; you are not satisfied with convincing me that my ob- 
jections are frivolous, but you oblige me to prove them so myself. 

Mrs. B, You must confess, however, that I make ample amends 
for the detection of error, when I enable you to discover the truth. 
Tou understand, now, I hope, that carbonic acid is equally prodnced 
by the decomposition of chalk, or by the combustion of charcoal 
These processes are certainly of a very different nature; in the first 
case the acid is already formed, and requires nothing more than 
beat to restore it to its gaseous state ; whilst in the latter, the acid 
is actually made by the process of combustion. 

Caroline, I understand it now, perfectly. But 1 have just been 
thinking of another difficulty, which, I hope, you will excuse my 
not being able to remove myself. How does the immense quanti^ 
of calcareous earth, which is spread all over the globe, obtain the 
carbonic acid with which it is combined ? 

Mrs, B, The question is, indeed, not very ei«y to answer; but I 

♦ Not burnt in the common acceptation of the word. The carbon 
is already united to oxygen, and therefore has no affinity for it. Id 
the artificial production of carbonic acid, the carbon is burnt.—C. 

982. Whence does carbonic acid obtain the caloric necessary 
to convert it into gas ? 

983. Will carbonic acid render a body combustible? 

984. It might be thought that carbonic acid could not be obtain- 
ed from substances so unlike as chalk and carbon — how is this ob- 
jection answered ? 

985. How do the processes of obtaining carbonic acid from the 
decomposition of chalk, and the combustion of .charcoal differ ? 
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conceire that the g^eoeral carbonization of calcareous matter may 
have been the effect of a general combustion,* occasioned bj some 
revolution of our globe, aod producing an immense supply of car- 
bonic acid, with which the calcareous matter became impregnated; 
or that this may have been effected by a gradual absorption of car- 
bonic acid from the atmosphere. But this would lead us to discus- 
sions whifch we cannot indulge in, without deviating too much from 
our subje'c^t. 

Emily, flow does it happen that we do not perceive the perni- 
cious effectkof the carbonic acid which is floating in the atmosphere? 

Jlfrj(. B. Because of the state of very great dilution in which it 
exists there. But can you tell me, Emily, what are the sources 
which ke^ the atmosphere constantly supplied with this acid ? 

Emily. I suppose the combustion of wood, coals, and other sub- 
stances that contain carbon. 

J^rs. B. And also, the breath of animals. 

Caroline. The breath of animals? I thought you said that the 
gas was not at all respirable, but on the contrary, extremely poi- 
sonous. 

Jdrs. B. So it is ; but although animals cannot breathe in car- 
bonic acid gas, yet in the process of respiration, they hare the pow- 
er of forming this gas in their lungs ; so that the air which we ex- 
pire^ or reject from the lungs, always contains a certain proportion 
of carbonic acid, which is much greater than that which is common- 
ly found*in the atmosphere. 

Caroline, But what is it that renders carbonic acid such a dead- 
ly poison ? 

Jdrs, B. The manner in which this gas destroys life, seems to be 
merely by preventing the access of respirable air; for carbonic 
acid gas, unless very much diluted with common air, does not pen- 
etrate into the lungs, as the windpipe actually contracts and refu- 
ses it admittance. — But we must dismiss this subject at present, as 
we shall have an opportunity of treating of respiration much more 
fully, when we come to the chemical functions of animals. 

Emily. Is carbonic acid as destructive to the life of vegetables as 
it is to that of animals ? 

J^rs. B. If a vegetable be completely immersed in it, I belicTe 
it generally proves fatal to it ; but mixed in certain proportions 
with atmospherical air, it is on the contrary, very favourable to ve- 
getation. 

* This idea is at random. We cannot account for the origin of 
carbonic acid in its native state any better than we can for oxygen. 
It cannot be the product of combustion, since it existed before the 
growth of combustible materials. — C. 



986. How does marble and calcareous earth obtain its great 
quantity of carbonic acid ? 

987. Why do we not experience the pernicious effects of the car- 
bonic acid in the atmosphere ? 

988. How is the atmosphere supplied with this acid ? 

989. Why is carbonic acid gas so destructive to animal life i 

990. What effect does it have on vegetation ? 
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Xoa remember, I suppose, our meDtioning^ the mineral waters, 
both natural anti artificial, which contain carbonic acid g^s ? 

Caroline. You mean the Seltzer water ? 

Mrs, B. That is one of those which are most used ; there are, 
however, a variety of others into which carbonic acid enters as an 
ingredient ; all these waters are usually distinguished by the name 
oi acidulous or j^aseous mineral waters. 

The class of salts c2A\edcarbonats is the most numerous in nature; 
we must pass over them in a very cursory manner, as the subject 
is far too extensive for us to enter on it in detail. The state of car- 
bonat is the natural state of a vast number of minerals, and partic- 
ularly of the alkalies and alkaline earths, as tliey have so great an 
attraction for the carbonic acid, that they are almost always found 
combined with it ; and you may recollect that it is only by separa- 
ting them from this acid, that they acquire causticity and those 
striking qualities which I have formerly described. All marbles, 
chalks, shells, calcareous spars, and limestones of every descrip- 
tion, are neutral salts, in which /tme, their common basis, has lost 
all its characteristic properties. 

Emily, But if all these various substances are formed by the un- 
ion of lime with carbonic acid, whence arises their diversity of 
form and appearance ? 

Jlfr«. B. Both from the different proportions of their component 
parts, and from a variety of foreign ingredients which may be oc- 
casionally blended with them : the veins and colours of* marbles, 
for instance, proceed from a mixture of metallic substances; silex 
and alumine also frequently enter into these combinations. The 
various carbonats, therefore, which.I have enumerated, cannot be 
considered as pure and unadulterated neutral salts, although they 
certainly belong to that class of bodies. 



CONTERSATION XIX. 

ON THE BORACIC, FLUORIC, MURIATIC, AND OXYGENATED MU- 
RIATIC ACIDS ; AND ON MURIATS. — ON IDOINE AND IODIC 
ACID. 

Jlfrt. B. We now come to the three remaining acids with simple 
bases, the compound nature of which, though long suspected, has 
been but recently proved. The chief of these is the muriatic ;— 



991. What are the waters called, into which this gas enters as an 
ingredient ? 

992. What are the salts formed by the acid of this g^ ? 

993. How extensive is this class of salts, and under what forms 
do they chiefly occur in nature ? 

994. If lime is the common basis of marbles, chalks, shells, cal- 
careous spars, and lime stones, why is there such a diversity in 
their form and appearance? 

995. From what do the veins and colours of marble proceed .' 



BOBACIC ACID, 227 

but I shall first describe the two others, as their bases have beea 
obtained more distinctly than that of the muriatic acid. 

You may recollect I mentioned the boracic acid. This is found 
rery sparingly in some parts of Europe, but for the use of manufac- 
tures we have always received it from the remote country of Thi» 
bet, where it is found in some lakes, .combined with soda. It is ea- 
sily separated from the soda by sulphuric acid, and appears in the 
form of shining" scales, as you see here. 

Caroline. I am glad to meet with an acid which we need not be 
afraid to touch ; for I perceive from your keeping it in a piece of 
paper, that it is more innocent than our late acquaintance, the sul- 
phuric and nitric acids. 

Jlrs.B. Certainly; but being more inert, you will not fiod its 
properties so interesting. However its decomposition, and the 
brilliant spectacle it aflfords when its basis again unites with oxy- 
gen, atones for its want of other striking qualities. 

Sir H. Davy succeeded in decomposing the boracic acid, (which 
had till then, been considered as undecompoundable,) by various 
methods. On exposing this acid to the Voltaic battery, the posi- 
tive wire gave out oxygen, and on the negative wire was deposited 
a black substance, in appearahce resembling charcoal. This was 
the basis of the acid, which Sir H. Davy has called Boracium or 
Boron, 

The same substance was obtained in more considerable quanti- 
ties by exposing the acid to a great lieat in an iron gun barrel. 

A third method of deconi posing^ the boracic acid consisted in burn- 
ing potassium in contact with it in vacuo. The potassium attracts 
the oxygen from the acid, and leaves its basis in a separate state. 

The rccomposition of this acid I shall show you by burning some 
of its basis which you see here, in a retort full of oxygen gas. The 
heat of a candle is all that is required for this combustion. — 

Emily, The light is astonishingly brilliant, and what beautiful 
sparks it throws out ! 

Jlrs. B, The result of this combustion is the boracic acid, the 
nature of which, you see, is proved, both by analytic and synthetic 
means. Its basis has not, it is true, a metallic appearance ; bat it 
makes very hard alloys with other metals. 

Emily, But pray, Mrs. B. for what purpose is the boracio acid 
used in manufactures ? < 

Jlfr«. B. Its principal use is in conjunction with soda, that is, io 
the state ofborat of soda, which in the arts is commonly called bo- 
rax. This salt has a peculiar power of dissolving metallic ozjds, 
and of promoting the fusion of substances capable of being melted ; 
it is accordingly employed in various metallic arts ; it is used, for 
example, to remove the oxyd from the surface of metals, and is of- 
. ten employed in the assaying of metallic ores. 

Let us now proceed to the fluoric acid. This acid is obtained 
from a substance which is found frequently in mines, and particu- 



996. Where is the boracic acid obtained ? 

997. What is the composition of borax ? 
998« What is the basis of this acid ? 

999. For what purpose is the boracic acid used in manufaotareB ? 
XOOO. From what is the fluoric acid obtained ? 
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larlj ID those of Derbyshire, called ^uor, a name which it acquired 
from the circumstaDce of its beings used to reader the ores of met- 
als more fluid when heated. 

Caroline. Pray, is not this the Derbyshire spar, of which so ma- 
ny ornaments are made^ 

Jtfrt. B, The same ; but though it has long^ been employed for a 
Tariety of purposes, its nature was unknown until Scheele, the great 
Swedish chemist, discovered that it consisted of lime united with a 
peculiar acid, which obtained the name of Jlttoric add. It is easily 
separated from the lime by the sulphuric acid, and unless condens- 
ed in water, ascends in the form of gas. A very peculiar property 
of this acid, is its union with siliceous earths, which 1 have already 
mentioned. If the distillation of this acid is performed in glass res- 
sels, they are corroded, and the siliceous part of the glass comes 
over, united with the gas ; if water is then admitted, part of the si- 
lex is deposited, as you may observe in the jar. 

Caroline* 1 see white flakes forming on the surface of the water; 
is that silez ? 

Mrs. B. Ifes, it is. This power of corroding glass has been used 
' for engraving, or rather etching upon it. The glass is first cover- 
ed with a coat of wax, through which the figures to be engraved are 
to be scratched with a pin ; then pouring the fluoric acid over the 
wax, it corrodes the glass where the scratches have been made. 

Caroline. I should like to have a bottle of this acid to make en- 
gravings.* 

J\£rs. B. But you could not have it in a glass bottle ; for in that 
case the acid would be saturated with silex, and incapable of exe- 
cuting an engraving ; the same thing would happen were the acid 
kept in vessels of porcelain or earthenware ; this acid must there- 
fore be both prepared and preserved in vessels of silver. 

If it be distilled from fluor spar and vitriolic acid, in silver or leaden 
vessels, the receiver being kept very cold during the distillation, it 
assumes the form of a dense fluid, and in that state is the most in- 
tensely corrosiFe substance known. This seems to be the acid com- 



* A bottle of fluoric acid is not easily obtained. To make etch- 
. ings on glass, first cover the glass with a thin coat of bees wax.— 
This is done by warming it over a lamp, and passing the wax over 
the surface. Then make the drawing by cutting through the wax 
quite down to the glass. To do the etching in the small way, take 
a lead or tin cup, and on the bottom place about a table spoonful of 
pulverized fluor spar, and on this pour sulphuric acid enou^ to 
moisten it — place the glass on the cup as a cover, with the side to 
be etched downward — then set the cup in warm water, or warm 
the bottom over a lamp, taking care not to melt the wax. In 15 or 
20 minutes or more, the etching will be done, in this way, draw- 
ings are easily and beautifully noade on glass.— C. 

1001. From what does it derive its name ? 

1002. By what other name is this acid called ? 

1003. Of what does it consist ? 

1004. What singular effect does it have on glass ? 

1005. How could you describe the method of etching on glau? 

1006. In what kind of vessels may it he preaerred ? 
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bioed with a little water. It may be called hydro^fmc add; and 
SirH. Dayy has been led, from late experiments on the subject, to 
consider pure fluoric acid as a compoand of a certain unknown 
principle, which he calls^uorin^, with hydrogen. 

Sir H. DaFy has also attempted to decompose the fluoric acid by 
baming potassium in contact with it ; but he has not yet been able 
by^this or any other method, to obtain its basis in a distinct separate 
state. 

We shall conclude our account of the acids with that of the muri- 
atic ACID, which is, perhaps, the roost curious and interesting of all 
of them. It is found in nature combined with soda, lime, and mag- 
nesia. Muriat oftoda is the common sea salt ; and from this sub- 
stance the acid is usually disengaged by means of the sulphuric acid. 
The natural state of the muriatic acid is that of an iuFisiole, perma- 
nent gas, at the common temperature of the atmosphere ; but it has 
a remarkable strong attraction for water, and assumes the form of a 
whitish cloud whenever it meets any moisture to combine with. This 
acid is remarkable for its peculiar and very pungent smell, and pos- 
sesses, in a powerful degree, most of the acid properties. Here is a 
bottle containing muriatic acid in a liquid state. 
Caroline* And how is it liquefied? 

Mrs. B. By impregnating water with it; its strong attraction for 
water makes it very easy to obtain it in a liquid form. Now, if I 
open the phial, you may observe a kind of vapour rising from it, 
which is muriatic acid ^as, of itself invisible, but made apparent by 
combining with the moisture of the atmosphere. 
Emily * Have you not any of the pure muriatic acid gas ? 
Mrs. B. This jar Is full of that acid in its gaseous state — it is 
inverted over mercury instead of water, because, being absorbable 
by water, this gas cannot be confined by it.-*I shall now raise the 
jar a little on one side, and sufier some of the fas to escape. You 
sec that it immediately becomes visible in the form of a cloud. 

Emily. It must be, no doubt, from its uniting with the moisture of 
the atmosphere, that it is converted into this dewy vapour. 

Mrs. B. Certainly ; and for the same reason, that is to say, its 
extreme eagerness to unite with water, this gas will cause snow to 
melt as rapidly as an intense fire. 

This acid proved much more refractory, when Sir H. Davy at- 
tempted to decompose it, than the other two undecomposed acids. 
It is singular that potassium will burn in muriatic acid, and be con- 
verted into potash, without decomposing the acid and the result of 
this combustion is a muriat of potash ; for the potash as soon as it is 
regreoerated, combines with the muriatic acid. 

Caroline. But how can the potash be regenerated if the muriatic 
acid does not oxydate the potassium ? 

Mrs. B. The potassium in this process, obtains oxygen from the 
moisture with which the muriatic acid is always combined, and, ac- 



1007. What did Sir H. Davy call this acid ? 

1008. Where is muriatic acid found? 

1009. What is the natural state? 

1010. How is it liquefied? 

101 1 . How can this fas be confined without a mercurial bath ? 

1012. What effect will muriatic acid g^ have on snow ? 

1013. Why will it melt snow? 

20 
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oordio^lj, hydro^en^ resulting from the decomposttton of the teoia* 
tare, is iovariably eTolred. 

Emily. But why oot make these experimeatB with dry muriatic 
acid? 

Jlfr«. B. Dry acids cannot be acted on by the Voltaic battery, be- 
•anse acids are Don-conductors of electricity, unless moistened. In 
the course of a number of experiments, which Sir H. Da?y made 
upon acids in a state of dryness, he observed that the presence of 
water appeared always necessary to derelope the acid properties, so 
that acids are not even capable of reddening vegetable blues if t|iey 
have been carefully deprived of moisture. This remarkable cir- 
eumstance led him to suspect, that water, instead of oxygen, ma^^ be 
the acidifying principle ; but this he threw out rather as a conjee* 
ture than as an established point. 

Sir H. Dary obtained very curious results from burning potassium 
in a mixture of phosphorus and muriatic acid, and also of sulphur 
and muriatic acid ; the latter detonates with great violence. All his 
experiments, however, failed in presenting to bis view the basis of 
the muriatic acid, of which he was in search ; and be was at last 
induced to form an opinion respecting the nature of this acid« 
which I shall presently explain. 

Emily, Is this acid susceptible of different degrees of oxygenation ? 

Jdrt. B, Yes ; for though it cannot be deoxjgenated, yet we may 
add oxygen to it. 

CaroHne, Why, then, is not the least degree of oxygenation of 
the acid called the muritaus, and the higher degree the murioHc 
acid? 

Mrs. B. Because, instead of becoming, like other acids, more 
dense, and more acid by an addition of oxygen, it is rendered, on the 
contrary, more volatile, more pungent, but less acid, and less absorb- 
able by water. These circumstances, therefore, seem to indicate 
the propriety of making an exception to the nomenclature. The 
highest degree of oxygenation of this acid has been distinguished by 
the additional epithet of oxy§^enatedi or, for the sake of brevity, oxy^ 
so that it is called oxygenated or oxy-muriatic acid. This likewise 
exists in a gaseous form, at the temperature of the atmosphere ; 
it is also susceptible of being absorbed by water, and can be con- 
gealed, or solidified, by a certain degree of cold. 

Emily. And how do you obtain the oxy«muriatic acid ? 

Jtfr*. B. In various wavs ; but it may be most conveniently oIk 
tained bv distilling liquid muriatic acid over oxyd of manganese, 
which supplies the acid with the additional oxygen. One part of the 
acid being put into a retort, with two parts of the oxyd of manga- 
nese, and the heat of a lamp applied, the gas is soon disengaged, and 

1014. Why cannot dr^ acids be acted on by the Voltaic battery? 

1015. What is the basis of muriatic acid ? 

1016. Is this acid capable of combining with different propor- 
tions of oxygen f 

1017. Why is not the least degree of oxygenation called the mu- 
riatous acid ? 

1018. W hat is the highest degree of oxygenation of this acid oalM? 
1019« How i» the oxy-muriatic aoid obtained ? 
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tnay be receired over water, at it is bat spariog^ly absorbed bj it. 
1 have collected some io this jar — * 

Caroline, It is not invisible, like the g^eoeralitj of leases ; for it is 
of a yellowish color. 

Mrs. B. The muriatic acid eztioguisbes flame, whilst, on th« 
contrary, the ozy- muriatic makes the flame larger, and gives it m 
dark red color. Can you account for this difference in the two 
acids ? 

Emily. Tes, I think so ; the muriatic acid will not supply the 
flame with the oxygen necessary for its support; but when this 
acid is further oxygenated, it will part iriih its additional quantity 
of oxygen, and in this way support cumbustion.f 

Mrs. B. This is eiactly the case: indeed the oxygen added to 
the muriatic acid, adheres so slightly to it, that it is separated by 
mere exposure to the sun's rays. This acid is decomposed also by 
combustible bodies, many of which it burns, and actually inflames, 
without any previous increase of temperature. 

Caroline, That is extraordinary indeed ! i hope you mean to in- 
dulge us with some of these experiments? 

Mrt, B, I have prepared several glass jars of oxy muriatic acid 
gas for that purpose. In the first we shall introduce some Dutch 
gold leaf. — Do you observe that it takes fire? 

Emily, Yes, indeed it does — how wonderful it is! It became im- 
mediately red hot, but was soon smothered in a thick vapor. 

Caroline. What a disagreeable smell ! 

Jdrs, B, We shall try the same experiment with phosphorous in 
another jar of this acid. Tou had better keep your handkerchief to 
your nose when I open it — now let us drop into it this little piece of 
phosphorus — 

Caroline, It bums really ; and almost as brilliantly as in oxygen 
gas ! But what is most extraordinarjr^ these combustions take place 
i PJt ifto Ht iiu» xnAial or phosphorus being previously lighted, or even 
in the least heated. ^ ^ 

Jdn, B. All these curious effects are owing to the veir great fa- 
cility with which this acid yields oxygen to such bodies as are 
strongly disposed to combine with it. It appears extraordinary in- 
deed to see bodies, and metals in particular, melted down and in- 
flamed by a gas, without any increase of temperature, either of the 
gas or of the combustible. The phenomenon, however, is, you see, 
well accounted for. 

Emily, Why did you burn a piece of Dutch gold leaf rather than 
a piece of any other metal ? 

Jirs, B, Because, in the first place, it is a composition of metals 

^ Breathing only a few bubbles of the gas is attended with bad— 
sometimes with dangerous consequences- The young chemist, 
therefore, had better not undertake to make it.^(J- 

f According to this new theory of chlorine, as will be explained 
at the end of this conversation, this combustion is effected in con- 
sequence of the union of chlorine (or oxy-muriatic acid) with the 
hydrogen of the combustible body. 

IQSO. Why will the muriatic acid extinguish flame, and oxy-mu- 
riatic acid make it larger, giving it a dark red color ? 

1021. Why will some combustible bodies burn in this acid with- 
out any previous increase of temperature ? 
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(consisting chiefly of copper) which burns readily; and I use a thin 
metallic leaf in preference to a lump of metal, because it offers to 
the action of the gas but a small quantity of matter under a large 
surface. Filings, or shaviogfs, would answer the purpose nearly as 
well ; but a lump of metal, though the surface would oxydate with 
great rapidity, would not take fire. Pure gold is not inflamed by 
oxy- muriatic acid gas, but it is rapidly oxidated, and dissolved by 
it ; indeed, this acid is the only one that will dissolve gold. 

Efaily, This, 1 suppose, is what is commonly called aqyui regia 
which you know is the only thing that will act upon gold. 

Mn, B. This is not exactly the case either; for aqua regia is 
composed of a mixture of muriatic acid and nitric acid. — But, in 
fact, the result of this mixture is the formation of oxy-muriatic 
acid, as the muriatic acid oxygenates itself at the expense of the 
nitric ; this mixture, therefore, though it bears the name of ni£ro- 
muriatic acid, acts on gold merely in virtue of the oxy-muriatic 
acid which it contains. 

Sulphur, volatile oils, and many othersubstances, will bum in the 
same manner in oxy-muriatic acid gas; but I have not prepared a 
suflicient quantity of it, to show combustion of all these bodies. 

Caroline. There are several lars of the gas yet remaining. 

J^rs, B. We must reserve these for future experiments. The 
oxy-muriatic acid does not, like other acids, redden the blue vege- 
table colours ; but it totally destroys all colour, and turns vegetables 
perfectly white. Let us collect some vegetable substances to pat 
into this glass, which is full of g^s. 

Emily. Here is a sprig of myrtle — 

Caroline. And here some colored paper — 

Mn. B, We shall also put in this piece of scarlet riband, and a 
rose — 

Emily. Their colours begin to fade immediately. But how does 
the gas produce this effect f 

Mrs. B. The oxygen comnmes with the colouring matter of these 
substances, and destroys it ; that is io say, destroys the property 
which these colours had of reflecting only one kind of rays, and ren- 
ders tbem capable of reflecting them all, which, you know, will 
make them appear white. Old prints may be cleaned by this acid, 
for the paper will be whitened wi^out injury to the impression, as 
printer's ink is made of materials (oil and lamp black) which are 
not acted upon by acids. 

This property of the oxy-muriatic acid has lately been employed 
in manufactures in a variety of bleaching processes ; but for these 
purposes the gas must be dissolved in water, as the acid is thus ren- 
dered much milder and less powerful in its effects; for in a gaseous, 

1022. By what acid is gold oxydated and dissolved.^ 

1023. Why does a mixture of nitric and muriatic acids dissolve 
gold, when neither of them will do it alone .^ 

1024. What effect does the oxy-muriatic acid have on vegetable 
colors ? 

10«5. Why does it produce this effect ? 

1026. Why is it, that the paper of old prints may be cleansed bj 
this acid, without any injury to the impression ? 

1027. Of what use is the oxy-muriatic *acid in manufactures? 
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state, it would destroy the texture, as ireU as the color of the sab- 
stance submitted to its action. 

Caroline. Look at the things vrbich we put into the gas ; they 
have now entirely lost their color I 

Mrs, B. The effect of the acid is almost completed ; and if we 
were to examine the quantity that remains, we should find it to con- 
sist chiefly of muriatic acid. 

The oxy-muriatic acid has been used to purify the air in fever 
hospitals and prisons, as it burns and destroys putrid effluvia ofevery 
kind. The infection of the small-pox is likewise destroyed by this 
gas, aii4 matter that has been submitted to its influence will no 
longer generate that disorder. 

Caroline. Indeed, I think the remedy must. be nearly as bad as 
the disease; the oxy-muriatic acid has such a dreadfully suffoca- 
ting smell. 

Jlrs. B. It is certainly extremely offensive ; but by keeping the 
mouth shut, -and wetting the nostrils with liquid ammonia, in order 
to neutralize the vapour as it reaches the nose, its prejudicial effects 
may be in some degree prevented. At any rate, however, this mode 
of disinfection can hardly be used in places that are inhabited. 
And as the vapour of nitric acid, which is scarcely less efficacious 
for this purpose, is not at all prejudicial, it is usually preferred on 
such occasions. 

Caroline. You have not told us yet what is Sir H. Davy's new 
opinion respecting the nature of muriatic acid to which you alluded 
a few minutes ago ^ 

'JiTrs. B, True : I avoided noticing it then, because you could not 
have understood it without some previous knowledge of the oxy- 
muriatic acid, which I have but just introduced to your acquaint- 
ance. 

Sir H. Davy's idea is, that muriatic acid, insiead of being a com- 
pound, consisting of an unknown basis and oxygen, is formed by 
tlifi union of oxy-muriatic gas with hydroc^en. 

Emily. Have you not told us just now that oxy-muriatic gas was 
itself a compound of muriatic acid and oxygen P 

J^rs. B. Yes; but according to Sir H. Davy's hypothesis, oxy- 
muriatic gas is considered as a simple body, which contains no oxy« 
g^n — as a substance of its own kind, which has a great analogy to 
oxygen m most of its properties, though in others it differs entirely 
from it. According to this view of the subject, the name oioxy^ 
muriaHc acid c?kn no longer be proper, and therefore, Sir H. Davy 
has adopted that of chlorine^ or chlorine gas, a name which is sim- 
ply expressive of its greenish color ; and in compliance with that 
philosopher's theory, we have placed chlorine in our table among 
the simple bodies. 

Caroline. But what was Sir H. Dav^^'s reason for adopting an 
opinion so contrary to that which bad hitherto prevailed ? 

Jtfr#. B. There are many circoipstances which are favorable to 
the new doctrine ; but the clearest and simplest fact in its support is, 

1028. For what medicinal purposes has it been used ? 

1029. How may the inconvenience of the oxy-muriatic acid be 
prevented? 

1030. What does 3ir H. Davy suppose muriatic acid to be ? 

1031. Why it oxy-muriatic acid lately called chlorine f 

20* 
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t if hydroeen ^sa and oxy-muiiatic (^s be mixed together, both 
)e gases disappear, and muriatic acid gas is formed. 



thati 

these L _ , 

Emily. That seems to be a complete proof; is it not considered 
as perfectly conclusive ^ 

J^frf . B. Not so decisive as it appears at first sight ; because it is 
argued by those who still incline to the old doctrine, that muriatic 
acid gas, nowever dry it may be, always contains a certain quantity 
of water, which is supposed essential to its formation. So that, in 
the experiment just mentioned, this water is supplied by the union 
of the hydrogen gas with the oxygen of the oxy-muriatic acid ; and 
therefore the mixture resolves itself into the base of muriatic acid 
and water, that is, muriatic acid gas. 

Caroline* 1 think the old theory must be the true one.; for other- 
wise how could you explain the formation of oxy-muriatic g^, from ' 
a mixture of muriatic acid and oxyd of manganese ? 

JIfrf . B. Very easily ; you need only suppose that in this process 
the muriatic acid is decomposed; its hydrogen unites with the oxy- 
gen of the manganese to form water and the chlorine appears in as 
separate slate. 

Emily. But how can you explain the various combustions which 
take place in oxy-muriatic gas, if you consider it as containing|^no 
oxvffenf 

JoTf . B, We need only suppose that combustion is the result of 
intense chemical action ;* so tnat chlorine, litte oxygen, is combin- 
ing with bodies, forms compounds which have less capacity for ca- 
loric than their constituent principles, and, therefore, caloric is 
evolved at the moment of their comoination. 

Emily. If, then, we may explain every thing by either tbeoryrto 
which of the two shall we give the preference? 

Jfrs. B, It will, perhaps, be better to wait for more decisive 
proofs, if such can be obtained, before we decide positively u^n the 
subject. The new doctrine has certainly gained ground very rapidly, 
and may be considered as generally established ; but a few compe- 
tent judges still refuse their assent to it, and until that theory is es- 
tablished beyond all doubt, it may be as well for us still occasion- 
ally to use the language to which chemists have long been accus- 
tomed. But let us proceed to the examination of salts formed by 
muriatic acid. 

Among the compound salts formed by muriatic acid the murial tf 
toda^ or common salt, is the most interesting.! The uses and pro- 

* ^' Intense chemical action,** neither explains the process, ner 
indeed conveys to the mind any definite idea. The views of Sir H. 
Davy on the composition of chlorine, are combat ted by many of the 
first chemists in England, as well as in this country. The inqaisi- 
tive reader may become acouainted with the i^rounds of dispute on 
both sides by referring to Cooper's edition •? Thompson's chem- 
istry.— C. 

f Accordmg to Sir H. Davy's view of the nature of tbe*mariatic 
and oxy-muriatic acids, dry muriat of soda is a compound of sodium 

1032. What are the reasons for supposing that chlorine is «ot m 
simple substance ? 

1033. How are the combustions in oxy-muriatic acid ezplainad, 
if it does not contain oxygen ? 

1034. fFhatuioidimih^iuijeeiinUunoU? 
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Esrties of this salt are too well knoira to require mtich ooramaBt. 
esides the pleasant flavor it imparts to the food, it is very wholesome, 
wheo not used to excess, as it assists in the process of digestion. 

Sea- water is the great source from which muriat of soda is ex- 
tracted by evaporation. But it is also found in large solid masses 
in the bowels of the earth, in England, and in many other parts of 
the world. 
/Emily. I thooeht that salts, when solid, were always in the state 
of crystals; but the common table salt is in the form of a coarse 
white powder. 

Mrs. B. Crystallization depends, as you may recollect, on the 
slow and regular re- union of particles dissolved in a fluid ; common 
sea-saltj^ only in a state of imperfect crystallization, because the 
proces^'^ which it is prepared is not favourable to the formation 
of regular crystals. But if you dissolve it, and afterwards evaporate 
the water slowly, you will obtain a regular crystallization. 

Muriat of ammonia is another combination of this acid, which we 
have already mentioned as the principal source ^m which ammo- 
nia is derived. 

I can at once show you the formation of this salt by the immediate 
combination of muriatic acid with ammonia. These two glass jars 
contain, the one muriatic acid gas, the other ammoniacal eas, both 
of which are perfectly invisible — now, if 1 mix them together, you 
see they immediately form an opaque white cloud, like smoke. If a 
thermometer was placed in the jar in which these gases are mixed, 
yon would perceive that some heat is at the same time produced. 

Emily. The effects of chemical combinations are, mdeed, won- 
derful \ — How extraordinary it is that two invisible bodies should 
become 'visible by their union ! 

Mrs. B, This strikes you with astonishment, because it is a phe- 
nomenon which nature seldom exhibits to our view ; but the most 
common of her operations are as wonderful, and it is their frequen- 
cy only that prevents our reg^rdinp^ them with equal admiration. 
What would be more surprising, for instance, than combustion, were 
it not rendered familiar by custom? 

Emily. That is true. But pray, Mrs. B., is this white cloud the 
salt that produces ammonia ? How different it is from the solid mu- 
riat of ammonia which you once showed us ! 

Mrs. B. It is the same substance, which first appears in the state 
of vapour, but will soon be condensed by cooling against the sides 
of the jar, in the form of very minute crystals. 

We now proceed to the oxy^miwriais. In this class of salts the oxy» 
muriat of potash* is the most worthy of our attention, for its striking 

and chlorine, for it may be formed by the direct combination of oxy- 
muriatic gas and sodium. In his opinion, therefore, what we com- 
monly csul muriat of soda, contains neither soda nor muriatic acid. 
* Oxy-muriat of potash is prepared by passing chlorine through a 
tolotion of potash in water. The process is long and difficult.---C. 



M035. Where is the muriat of soda obtained ? 

1036. On what does crystallization de|)end ? 

1 037. Why is common salt in a state of imperfect crystallization ? 

1038. Of what is the muriat of ammonia a combination ? 

1039. What two gates, when nixed, form muriat of ammonia? 



295 oxT-mmiAtv. 

properties. The acid, in this state of combioatioo, contains a td& 
^eater proportkm of oxygeo thao when alone. 

Caroline. Bat bow cso the oxy -muriatic acid acquire an increase 
of oxygen by combining witb potash ? 

Jlfr«. B. It does not really acquire an additional quantity of oxv- 
l^n, but it loses some of the muriatic acid, wbicb produces tne 
same effect, as the acid which remains is proportionably super-oxy- 
genated. 

If this salt be mixed, and merely rubbed together with sulphur, 
phosphorus, charcoal, or indeed any other combustible, it explodes 
strongly. 

Caroline. Like g^n-powder^ I suppose, it is suddenly con?erted 
into elastic fluids f 

Mrs. B, Yes : but with this remarkable difference, that no in- 
crease of temperature, any further than is produced by gentle fric- 
tion, is required in this instance. Can you tell me what gases are 
g'enerated by the detonation of this salt with charcoal? 

Emily. Let me consider The oxy-muriatic acid parts with 

its excess of oxygen to the charcoal, by which means it is conrert- 
ed into muriativ acid g^s ; whilst the charcoal, being burnt by the 
oxygen, is changed to carbonic acid gas. What becomes of the 
potash I cannot tell. 

Jlfr«. B. That is a fixed product which remains in the vessel. 

Caroline, But since the potash does not enter into the newcombi- 
nations, I do not understand what use it is in this operation. Woald 
not the oxy-muriatic acid and the charcoal produce the sameeffisct 
without it? 

Mre, B. No; because chlorine Tor oxy-muriatic acid) does not 
unite with charcoal, unless oxygen be added to it, and this oxygen 
is supplied by the potash. 

I mean to show you this experiment, but I would advise yon not 
to repeat it alone ; for if care be not taken to mix only very small 
quantities at a time, the detonation will be extremely violent, and 
may be attended with dangerous effects. Tou see I mix an exceed- 
\i\g small quantity of salt with a little powdered charcoal, in this 
Wedgwood mortar, and rub them together with the pestle — 

Caroline. Heavens ! How can such a loud explosion be produced 
by so small a quantity of matter ? 

. JfSrt. B. You must consider that an extremely small quantity of 
solid substance may produce a very great volume of gxises ; and itii 
the sudden evolution of these whion occasions the sound. 



♦According to Sir H. Davy's new views, lust explained, oxy- 
nriat of potash is a compound of chlorine with oxygen and oxyd of 



mnriat 
potassium 



1040. What are the peculiar properties of oxy-muriat of potash? 

\%4\. Why will the oxy-muriat of potash explode if mixed and 
rubbed together with sulphar, pboephorus, charcoal, or any other 
combustible substance ? 

1 042. What gases are generated by the detonation of this salt with 
charcoal ? 

1043. Why would not the same effect be produced by the ozy- 
■Hiriatic acia and charcoal without the potash ? 
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Emily* Would not oxy-muriat of potash make stronger g^n-pow- 
der than nitrat of ootashf 

J^rs. B, Yes ; bat the preparation, as well as the use of this salt, 
is attended with so much danger, that it is never employed for that 
purpose. 

Caroline. There is no cause to regret it, 1 think ; for the common 
gun-powder is quite sufficiently destructif e. 

Mrs, B. I can show you a Tery curious experiment with this salt ; 
but it must again be on condition that you will never attempt to re- 
peat it by yourselves. 1 throw a small piece of phosphorus into 
this glass of water ; then a little oxy-muriat of potash; and lastly, 1 
pour in (by means of this funnel, so as to bring it in contact with the 
two other m^redients at the bottom of the glass) a small quantity of 
sulphuric acid — 

Caroline. This is, indeed, a beautiful experiment ! The phospho- 
rus takes fire and burns from the bottom of the water. 

Emily, How wonderful it is to see flame bursting out under wa- 
ter, and rising through it! Pray, how is this accounted for? 

Mrs. B. Cannot you find it out, Caroline ? 

Emily, Stop^I think I can explain it. Is it not because the 
sulphuric acid decomposes the salt by combining with the potash, 
so as to liberate the oxy-moriatic acid gas by which the phosphorus 
is set ou fire P 

Mrs. B, Very well, Emilv ; and with a little more reflection you 
would have discovered another concurring circumstance, which is, 
that an increase of temperature is produced by the mixture of the 
sulphuric acid and water, which assists in promoting the combus* 
tion of the phosphorus. 

I must, 'before we part, introduce to your acquaintance the newly 
discovered substance, lODiifE, which you may recollect we placed 
next to oxygen and chlorine in our table of simple bodies. 

Caroline, Is this also a body capable of maintaining combustion 
like oxygen and chlorine f 

Mrs, B. It is ; and although it does not so generally disengage 
light and heat from inflammable bodies, as oxygen and chlorine do, 
yet it is capable of combining with most of them ; and sometimes, 
as in the instance of potassium and phosphorus, the combination is 
attended with an actual appearance of light and heat. 

Caroline. But what sort of substance is iodine; what is its form 
and colour ? 

Mrs. B, It is a very singular body in many respects. At the or- 
dinary temperature of the atmosphere, it commonlj appears in the. 
form of bluish-black crystalline scales, such as you see in this tube. 

Caroline, They shine like blaek lead, and some of the scales have 
the shape of lozenges. 

Mrs. B, That is actually the form which the crystals of iodine 

1044 From what may a stronger gun-powder than that now used 
be made f 

J 045. Why is it not used ? 

1046. How may phosphorus be set on fire in water ? 

1047. Why is this effect produced? 

1048. How does iodine differ from oxygen and chlorine ? 

1049. How does iodine appear ? 
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ollen assume. Bui if we heat them gently hy holding^ the tube orer 
the flame of a candle, see what a change takes place in them. 

Caroline. How curious ! The? seem to nuett, and the tube imme- 
diately fills with the beautiful violet vapour. But look, Mrs. B., the 
same scales are now appearing at the other end of the tube. 

Mrt, B, This is, in tact, a sublimation of iodine, from one part of 
the tube to another; but with this remarkable peculiarity, that 
while in the gaseous state, iodine assumes that bright violet coloor, 
which as you may already perceive, it loses as the tube cools, aod 
the substance resumes its usual solid form. It is from the violet 
colour of the gas that iodine has obtained its name. 

Caroline. But how is this curious substance obtamed? 

Mrs. B. It is found in the ley of ashes, of sea-weeds, after the 
soda has been separated by crvstallization ; and it is disengaged 
by means of sulphuric acid, which expels it from the alkaline lej 
in the form of a violet gas, which may be collected aod condensed 
in the way which you have just seen. This interesting discovery 
was made in the year 1812, by M. Courtios, a manXifacturer of salt- 
petre at Paris. 

Caroline. And pray, Mrs. B., what is the proof of iodine beinff a 
simple body ? 

Jlfr«. B. It is considered as a simple body, both because it is not 
capable of being resolved into other ingredients ; and because it is 
itself capable of combining with other bodies, in a manner analo* 
g;ou8 to oxygen and chlorine. The most curious of these combina^ 
tions is that which it forms with hydrogen gas, the resuli of which 
is a peculiar gaseous acid. 

Caroline. Just as chlorine and hydrogen gas form muriatic acid. 
In this respect chlorine and iodine seem to bear astroog analogy to 
each other. 

Jlfr«. B, That is indeed the case ; so that if the theory of the con- 
stitution of either of these two bodies be true^ it must be true a^ 
in regard to the other; if erroneous in the one, the theory niast ftu 
in both. 

But it is now time to conclude; we have examined such of. the 
acids and salts as I conceived would appear to you most interesting' 
I shall not enter into any particulars respecting the metallic acidi, 
as they oflfer nothing sufficiently striking for our present purpose. 



eONTERSATION XX. 

ON THE NATURE AND COMPOSITION OP VEGETABLB8. 

Mrs. B. We have hitherto treated only of the simplest combins* 
tion of elements, such as alkalies, earths, acids, compound saitS) 



1050. How can you show the violet coloured gas .' 

1051. From what does iodine obtain its name.^ 

1052. How is iodine obtained.' 

1053. Why is. iodine reckoned a simple body? , 
1064. In what respect do chlorine and iodine resemble each other. 
1055. What are the simplest combinations of elements? 
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stoDM, ftc.: all of irhich belong to the mineral kingdom. It is time 
BOW to turn our attention to a more complicated class of componnds, 
that of OROANizED BODIES, whicb will faraisb ns with a new soanse 
of instruction and amusement. 

Emily, By or^nized bodies, 1 suppose yon mean the vlegetable 
and animal creation ? I ha?e however, but a very vagce idea of 
the woi^ organizcUion^ but I have often wished to know more pre- 
cisely what it means. 

J(fr#. B. Organized bodies are inch as are endowed bj nature 
with various parts, peculiarly constiucted and adapted to perform 
certain functions connected with life. Thus you may observe, that 
mineral compounds are formed by the simple effect of mechanical 
or chemical attraction, and may appear to some to be, in a great 
measure, the productions of chance; whilst organized bodies bear 
the most striking and impressive marks of design, and are eminent- 
ly distinguished by that unkown principle, called /t/«, from which 
the various organs derive the power of exercising their respective 
functions. 

Caroline. But in what manner does life enable these organs to 
perform their several functions ? 

Jlfr«. B* That is a mystery which I fear is enveloped in such 
profound darkness, that there is very little hope of our ever being 
able to unfold it. We must content ourselves with examining the 
effectof this principle; as for the cause, we have been able only 
to g^e it a name, without attaching any other meaning to it than 
the vague and unsatisfactory idea of an unknown agent. 

Caroline. And yet I think I can form a very clear idea of life. 

Jdn. B, Pray let me hear how you would define it ? 

Caroline, It is, perhaps, more easy to conceive, than to express — 
let me consider — Is not life the power which enables both the ani- 
mal and the vegetable creation to perform the various functions 
which nature has assigned to them ? 

Jfrs* B. I have nothing to object to your definition ; but you will 
allow me to observe, that you have only mentioned the effects 
• which the unknown cause produces, without giving us any notion 
of the cause itself. 

Emily. Tes, Caroline, you have told us what life c/oet, but yon 
have not told us what it is, 

Mrs. B, We may study its operations ; but we should puzzle our 
selves to no purpose by attempting to form an idea of its real nature. 

We shall begin with examining its effects in the vegetable world, 
which constitutes the simplest class of organized bodies ; these we 
shall find distinguished from the mineral creation, not only by their 
more complicated nature, but by the power which they possess with- 
in themselves, of forming new chemical arrangements of their con- 
stituent parts, by means of appropriate organs. Thus, though all 
vegetables are ultimate]/ composed of hydrogen, carbon, and oxy- 
gen, (with a few other occasional ingpredients,) they separate and 



1056. What are organized bodies? 

1057. How do thejT differ from inorg^ic matter? 

1058. What is life in its philosophical acceptation ? 

1059. What is the simplest class of organized bodies ? 

1060. Of what are Tigetables mostly composed? 
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combine these principles, b^ their Tarioos orj^s, in a thooniid 
wajrs, and form, with them, diffisrent kinds of jnices and solid parts, 
which exist ready made io vegetables, and may, therefore, be con- 
sidered as thar immediate^naterials. 
These are: 

Mucilage^ - OumRetim 

Sugar, Balsamtj 

Fuuia^ Caoutehauc, 

Gluten, Extractwe eohnaringMaiUr, 

Fixed Oilt Tannin, 

VoUUiU OOi Woody Fibre, 

Camphor^ Vegetable Adds, tee. 

Caroline, What a lonr list of names ! I did not suppose that are- 
getable was composed of half so many ingredients* - 

JUrt. B. Tou must not imagine that every one of these materiali 
is formed in each individual plant. I only mean to say, that they are 
all derived exclusively from the vegetable kingdom. 

Emily, But does each particolar part of the plant, such as the 
root, the bark, the stem, the seeds, ana leaves, consist oif one of tbest 
ingredients only, or of several of them combined together ? 

Mr», B. I believe there is no part of a plant which can be said to 
consist s<^ely of any one particular ingpredient ; a certain number 
of vegetable materials must always be combined for the formatioD 
of any particular part, (of a seed for instance,) and these combina- 
tions are carried on by sets of vessels, or minute organs, which se- 
lect from other parts, and bring together, the several principles re- 
quired for the developeroent and growth of those particular parti 
which they are intended to form and to maintain. 

Emily. And are not these combinations always regulated by the 
laws of chemical attraction f 

Jin. B. No doubt : the organs of plants cannot force principles 
to combine which have no attraction tor each other ; nor can they 
compel superior attractions to yield to those of inferior power: tber 
probably act rather mechanically, by bringing into contact such 
psinciples, and in such proportions, as will, by their chemical com- 
bination, form the various vegetable products. 

Caroline. We may then consider each of these organs as a curi- 
ously constructed apparatus, adapted for the performance of a n- 
riety of chemical processes. 

Ars. B, Exactly so. As long as the plant lives and thrives, the 
carbon, hydrogen, and oxvg^n, (the chief constituents of its imme- 
diate materials,^ are so balanced and connected tcjgether, that they 
are not susceptible of entering into other combinations; but do 
sooner does death take place, than this state of equilibrium is de- 
stroyed and new combinations produced. 



1061. What are the ingredients of vegetables ? 
106^ Is it to be supposed that all these ingredients exist in a sin- 
gle vegetable ? 

1063. And does any vegetable or any part of one consist soldy 
of a single one of these ingredients f 

1064. Bv what are the combinations in the vegetable kingdom 
regulated r 

1065. How may the organs of plants be considered? 
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Etnilf, But why should death* destroy it ? for these principles must 
remain in the same proportions, and consequently, I should suppose, 
in the same order of attractions ? 

J^rs. B. You must remember, that in the yep^etable, as well as in 
the animal kingdom, it is by the principle of life that the organs are 
enable to act ; when deprived of that agent or stimulus, their power 
ceases, and an order of attractions succeeds, similar to that which 
would take place in mineral or unorganized matter. 

Emily. It is this order of attractions, I suppose, that destroys the 
organization of the plant after death ; for if the same combinations 
still continued to prevail, the plant would always remain in the state 
in which it died ? 

Jlfr». B, And that, you know, is neve? the case ; plants may be 
partially preserved for some time after death, by drying; but in the 
natural course of events they all return to the state of simple ele- 
ments; a wise and admirable dispensation of Providence, by which 
dead plants are rendered fit to enrich the soil, and become subser- 
vient to the nourishment of living vegetables. 

Caroline. But we are talking of the disolution of plants, before 
we have examined them in their living state, 

Mrs. B. That is true, my dear. But I wished to give you a gen- 
eral idea of the nature of vegetation, before we entered into par- 
ticulars. Besides, it is not so irrelevant as jou suppose to talk of ve- 
getables in their dead state, since we cannot analyze them without 
destroying life; and it is only by hastening to submit them to ex- 
amination, immediately after they have ceased to live, that we can 
anticipate their naturaldecom position. There are two kinds of ana- 
lysis of which vegetables are susceptible ; first, that which separates 
them into their immediate materials, such as sap, resin, niucilage, 
&c.; secondly, that which decomposes them into their primitive 
elements, as carbon, hydrogen, and oxygen. 

Emily. Is there not a third kind of analysis of plants, which con- 
sists in separating their various parts, as the stem, the leaves, and 
the several organs of the flower ? 

Mrs, B, That, my dear, is rather the department of the botanist ; 
we shall consider these different parts of plants only, as the organs 
by which tbe various secretions or separations are performed ; but 
we must first examine the nature of these secretions. 

The saj) is the principal material of vegetables, since it contains 
tbe ingredients that nourish every part of the plant. The basis of 
this juice, which the roots suck up from the soil, is water ; this holds 
in solution the various other ingredients required by the several 
parts of the plant, which are gradually secreted from the sap by the 
different organs appropriated to that purpose, as it passes them in 
circulating through the plant. 

Mucus or mucUage^ H a vegetable substance, which, like all tb« 

1066. Why should death destroy ve|fetable combinations ? 
1C67. What is an admirably wise dispensation of Providence'in 
regard to the nature of plants ? 

1068. Of how many kinds of analysis are vegetables •nso^stible ? 

1069. What is the first? . 

1070. What is the second? 

1071. What is the principal material of riegetablet ? , 

1072. What is the basis of this juice ? 

21 
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others, is secreted from the sap ; when in excess, it exudes from (he 
trees, in the form of ^am. 

Caroline. Is that £e gum so frequently used instead of paste or 
flue ? 

Jin, B, It is : almost all fruit trees yield some sort of ^m, bat 
that most commonly used in the arts is obtained from a species of 
acacia-tree, in Arabia, and is called gum arable ; it forms the chief 
nourishment of the natives of those parts, who obtain it in great 
quantities from incisions which they make in the trees. 

Caroline. I did not know that gum was eatableC 

JUrt. B, There is an account of a whole ship's company being 
saved from starving by feeding* on the car^o, which was gum Sen- 
egal. Ishould not, however, imagine, that it would be either a plea- 
sant or a particularly eligible diet to those who have not, from their 
birth, been accustomed to it. It is, however, frequently taken me- 
dicinally, and considered as very nourishing. Several kinds of ve- 
getable acids may be obtained, by particular processes, from gnm 
or mucilage, the principal of which is called the mucous add. 

Sugar is not found in its simple state in plants, but is always mix- 
ed with gum, sap, or other ingredients; this saccharine matter is to 
be met with in every vegetable, bat abounds roost in roots, froitSt 
and particularly in the sugar cane. 

Emily If all vegetables, contain sugar, why is it extracted ex- 
clusively from the su|ar-cane? 

JUn, B. Because it is both most abundant in that plant, and 
most easily obtained from it. Besides, the sugars produced by other 
vegetables differ a little in their nature. 

During the late troubles in the West Indies, when Europe was 
but imperfectly supplied with sugar, several attempts were made to 
extract it from other vegetables, and very good sugar was obtained 
from parsnips and from carrots ; but the process was too expensive 
to carry this enterprize to any extent. 

Caroline. I should think that sugar might be more easily obtained 
from sweet fruits, such as figs, dates, &c. 

Jitra. B, Probably; but it would be still more expensive, from 
the high price of those fruits, and it would not be exactly like com- 
mon sugar.* 

Emily. Pray, in what manner, is sugar obtained from the sugar- 
cane ? 



* Some foreign chemists fMM. Rirkoff, Braconnot, &c.) hare 
found that if starch be boiled for a long time in water containing 
one fortieth part of sulphuric acid, and evaporated down to ace^ 
tain consistence, the solution of starch concretes, in cooling, intoa 
solid brownish mass, which has the taste and other general proper- 
ties of sug^r. During this process, no gas is disengaged, and tbs 
acid is not decomposed. 

1073. What is the mucilage of vegetables ? 

1074. What uses are made of mucilage or gum ? 

1075. In what state does sug^r naturally exist? 

1076. In what does it mostly abound ? 

1077. If it is found in all vegetables, why is it extracted fromm- 
gar-caneonlyf 
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Mr$. B. The juice of this plant is first expressed by passinsr it 
betireeo two cylinders of iron. It is then boiled with lime-water, 
which makes a thick scum rise to the surface. The clarified liquor 
is let ofi* below, and eyaporated to a very small quantity, after 
which it is suffered to crystalize by standing in a vessel, the bottom 
of which is perforated with holes, that are imperfectly stopped in 
order that the syrup may drain off. The su^ar obtained by this, 
process is a coarse, brown powder, commonly called raw or moist 
sugar; it undergoes another operation to be refined and converted 
into loaf sugar. For this purpose it is dissolved in water, and after- 
wards purified by an animal fluid called albumen. White of eggB 
chiefly consists of this fluid, which is also one of (he constituent parts 
of blood: and consequently eggs, or bullock^s blood, are commonly 
used for this purpose. 

The albuminous fluid being diffused through the syrup, combines 
with all the solid impurities contained in it, and rises with them to 
the surface where it forms a thick scum ; the clear liquor is then 
again evaporated to a proper consistence, and poured into moulds, 
io which, by a confused crystallization, it forms loaf sugar. But an 
additional process is required to whiten it ; to this effect the mould 
is inverted, and its open base is covered with clay, through which 
water is made to pass; the water slowly trickling through the sugar 
combines with and carries off the colouring matter. 

Caroline, I am very glad to hear that the blood that is used to 
purify sog^r does not remain in it ; it would be a disgusting idea. I 
nave heard of some improvements by the late Mr. Howard in the 
process of refining sug^r. Pray what are they? 

Jtirs. B. It would be much too long to give you an account of the 
process in detail. But the principal improvement relates to the mode 
of evaporating the s^rup in order to bring it to the consistency of 
aug^r. Instead of boiling the syrup in a large copper, over a strong 
fire, Mr. Howard carries off the water by means of a large air pump, 
in a way similar to that used in Mr. Leslie's experiment for freezing 
water by evaporation; that is, the syrup being exposed to a vacuum, 
the water evaporates quickly, with no greater heat than that of a lit- 
tle steam, which is introduced round the boiler. The air-pump is of 
course of large dimensions, and is worked by a steam engine. A 
gT'eat saving is tbus obtained and a striking instance afforded of the 
power of science in suggesting useful economical improvements. 

Emily, And pray how are sug^r-candy and barley-sugar pre- 
pared? 

Mrs, B, Candied sug^r is nothing more than the regular crystals, 
obtained by slow evaporation from a solution of sugar. Barley- 
sugar is sugar melted by heat, and afterwards cooled in moulds of 
a spiral form. 

Sugfar may be decomposed by a red heat, and, like all other ve- 
getable substances, resolved into carbonic acid and hydrogen. The 
formation and the decomposition of sugar afford many very inter- 
esting particulars, which we shall fully examine after having gone 

1078. In what manner is sugar obtained from sugar-cane ? 

1079. How is sug^r refined or converted into loaf sugar? 

1080. What is Mr. Howard^s improvement for refining sugar .^ 

1081. How is sugar-candy and barley-sugar prepared? 

1082. How may sugar be decomposed, and what is the product? 
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tbroug^h the other materials of vegfetables. We shall find that there 
is reason to suppose that sugar is not like the other materials, se- 
creted from the sap by appropriate organs; but that it is formed by 
a peculiar process with which you are not yet acquainted. 

Caroline. Pray, is not honey of the same nature as sugar? 

Mrs. B, Honey is a mixture of saccharine matter and gum. 

Emily. I thought that honey was in some measure an animal sub- 
stance, as it is prepared by the bees. 

JSIrs. B. It is rather collected by them from flowers, and convey- 
ed to their store- houses, the hives. It is the wax only that under- 
goes a real alteration in the body of the bee, and is thence convert- 
ed into an animal substance.* 

Manna is another kind of sugar, which is united with a nauseous 
extractive matter, to which it owes its peculiar taste and colour. It 
exudes like gum from various trees in hot climates, some of which 
have their leaves glazed by it. 

The next of the vegetable materials iBfecula; this is the general 
name given to the farinaceous substance contained in all seeds, and 
in some-roots, as the potatoe, parsnip, &c. It is intended by nature 
for thirst aliment of the young vegetable; but that of one parti- 
cular grain is become a favourite and most common food of a large 
part of mankind. 

Emily. You allude, I suppose, to bread, which is made of wheat 
flour? 

Mrs. B. Yes. The fecula of wheat contains also another vege- 
table substance which seems peculiar to that seed, or at least has Qot 
as yet been obtained from any other. This is gluten^ which is of a 
sticky, ropy, elastic nature; and it is supposed to be owing to the 
viscous qualities of this substance, that wheat-flour forms a much 
better paste than any other. 

Emily. Gluten by your description, must be very like gum? 

Mrs. B. In their sticky nature they certainly have some resem- 
blance ; but gluten is essentially different from gum in other points, 
and especially in its being insoluble in water, whilst gum, you 
know, IS extremely soluble. 

The oils contained in vegetables all consist of hydrogen and car- 
bon in various proportions. They are of two kinds^Jixed and voia- 
tile, both of which we formerly mentioned. Do you remember in 
what the difference between fixed and volatile oil consints? 

Emily. If I recollect rightly, the former are decomposed by heat, 
whilst the latter are merely volatilized by it. 

* It was the opinion of Huber, that the bees prepared the wax from 
honey and sugar. There is however, found on the leaves of some 
plants a substance, having all the properties of wax ; and that bees- 
wax itself is not an animal substance, is clear from its analysis.-C. 

1083. Of what does honey consist ? 

1084. What is said of the wax of bees? 

1085. What is manna ? 

1086. What is the fecula of vegetables ? 

1087. What is gluten ? 

1088. How does gluten differ from gum ? 

1089. Of what do vegetable oils consist ? 

1090. What is the difference between fixed and volatile oils? 
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Mt»* B. Very irell. Fixed oil is contained only in the seeds of 
plants, excepting in the olive, in which it is produced in, and ex- 
pressed from, the fruit. We have already observed that seeds con- 
tain also fecula; these two substances, united with a little mucilage^ 
form the white substance contained in the seeds or kernels of plants, 
and is destined for the nourishment of the young plant, to which the 
seed gives birth. The milk of almonds, which is expressed from 
the seed of that name, is composed of those three substances. 

Emily. Pray, of what nature is the linseed oil which is used in 
painting? 

Mrs, B. It is a fixed oil, obtained from the seed of flax. Nat 
oil, which is frequently used for the same purpose, is expressed 
from walnuts. 

Olive oil is that which is best adapted to culinary purposes. 

Caroline. And what are the oils used for burning ? 

Mrt. B. Animal oils, most commonly ; but the preference given 
to them is owing to their being less expensive ; tor vegetable oils 
burn equally well, and are more pleasant, as their smell is not of- 
fensive. 

Emily, Since oil is so good a combustible, what is the reason 
that lamps so frequently require trimming ? 

Jfrs, B, This sometimes proceeds from the construction of the 
Immps, which may not^bn sufficiently favourable to a perfect com- 
bustion ; but there is certainly a defect in the nature of oil itself, 
which renders it necessary for the best constructed lamps to be oc- 
casionally trimmed. This defect arises from a portion of mucilage 
which it is extremely difficult to separate from the oil, and whicb 
being a bad combustible, gathers round the wick, and thus im- 
pedes its combustion, and consequently dims the light. 

Caroline. But will not oils burn without a wick ? 

Mrs. B. Not unless their temperature be elevated to five or six 
hundred degrees; the wick answers this purpose, as 1 think I once 
before explained to you. The oil rises between the fibres of the 
cotton by capillary attraction, and the heat of the burning wick 
Tolatilizes it, and brings it successively to the temperature at which 
it is combustible. 

Emily. I suppose the explanation which you have eiven with re- 
l^ard to the necessity of trimming lamps^ applies also to candles, 
which so often require snuffing ? 

Mrs. B. 1 believe it does ; at least in some degree. But besides 
the circumstances just explained, the common sorts of oils are not 
very highly combustible, so that the heat produced by a candle, 
which is a coarse kind of animal oil, being insufficient to volatilize 
them completely, a quantity of soot isg radually deposited on the 
wick, which dims the lig^t, and retards t he combustion. 

Caroline. Wax candles, then, contain no incombustible matter, 
since they do not require snuffing ? 

1091. From what part of plants are fixed oils obtained ? 
109^ From what is linseed oil obtained? 
lOdS. What oils best for burning.' 

1094. Since oil is a good combustible, what is the reason that 
lamps require so frequent trimming? 
1093. What is the use of wioks in lamps ? 
1096. Why do candles more than lamps require trimming ? 
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Jtfri. B* Wax is a much better combustible than tallow, bat^ 
still Dot perfectly so, since it likewise cootains some particles that; 
are unfit for burning ; but when these gather round the wick^ 
(which in a wax light is comparatiyely small,) they weigh it dowa 
OQ one side, and fall off together with the burnt part of the wick. 

Caroline. As oils are such good combustibles, I wonder that they 
should require so great an elevation of temperature before they be- 
gin to burn? 

Mrs, B* Though fixed oils will not enter into actual combustion, 
below the temperature of about four hundred degrees,* vet they 
will slowly absorb oxygen at the common temperature of the at- 
mosphere. Hence arises a variety of change in oils which modify 
their properties and uses in the arts. 

If oil simply absorbs, and combines with oxygen, it thickens and 
changfes to a kind of wax. This change is observed to take place 
on the external parts of certain vegetables, even during their life. 
But it happens in many instances that the oil does not retain all 
the oxygen which it attracts, but that part of it combines with, or 
burns the hydrogen of the oil, thus forming a quantity of water, 
which gradually goes off by evaporation. In this case, the altera- 
tion of the oil consists not onl^ in the addition of a certain quantity 
of oxygen, but in the diminution of the hydrogen. These oils are 
distinguished by the name of drying oils, Einseed, poppy> vad oat 
oils, are of this description. 

Entily. I am well acquainted with drying oils, as I continually 
use them in painting. But I do not understand why the acquisi- 
tion of oxygen on one hand, and the loss of hydrogen on the other 
should render themdrying. 

Jirg. B. This, I conceive, may arise from two reasons.; either 
from the oxygen which is added being less favourable to the state 
of fluidity than the hydrogen, which is subtracted ; oir from this ad- 
ditional quantity of oxygen givin|r rise to new combinations, in 
consequence of which the most fluid parts of the oil are liberated 
and volatilized. 

. For the purpose of painting, the drying quality of oil is farther 
increased by adding a quantity of oxyd of lead to it» by which 
means it is more rapidly oxygenated. 

The rancidity of oils is likewise owing to their oxygenation. lo 
this case, a new order of attraction takes place, from which a p^ 
cuUar acid is formed, called the sebacic add, 

Caroline. Since the nature and composition of oil is so well 
known, pray, could not oil be actually made, by combining it* 
principles ? 



'*'This statement is too low. None of the fixed oils boil at a less 
temperature than 600 degrees, nor will they burn until converted 
into vapour ; consequently they cannot burn at a lower tempera- 
ture than 600. — C. , 

1097. Why are wax better than tallow candles ? 

1098. What elevation of temperature is necessary in order to 
bum oil? 

1099. What are the principal drying oils ? 

UOO. Why will the oxyd of lead increase the drying quality of 
•ils ? 
not. To what ia the rancidity of oU owing ? 
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Mrt* B, That is by no meaDs a necessary coDseaneDce ; for 
there are iunumerable varieties of compound bodies wnich we can 
decompose, although we are unable to reunite their ingpredients. 
This, however, is not the case with oil, as it has very lately been dis- 
covered that it is possi ble to form oil by a peculiar process, from 
the action of oxygenated muriatic acid gas on hydro-carbonate.* 

W e now pass to the volatile or ettentialoiU, These form the basis 
of all the vesfetable perfumes, and are contained, more or less, in 
every part dtf the plant excepting the seed ; they are, at least, never 
found in that part of the seed which contains the embryo plant* 

Emily. The smell of flowers, then, proceeds from volatile oil ? 

Mrs. B. Certainly ; but this oil is often most abundant in the 
rind of fruits, as in oranges, lemons, &c., from which it may be ex- 
tracted by the slightest pressure; it is found also in the leaves of 
plants, and even in the wood. 

Caroline. Is it not very plentiful in the leaves of mint, and of 
thyme, and all the sweet smelling herbs ? 

Mrs. B, Yes : remarkably so ; and in geranium leaves also, 
which have a much more powerful odour than the flowers. 

The perfume of sandal fans is an instance of its existence in wood. 
In short, all vegetable odours or perfumes are produced by the 
evaporation of particles of these volatile oils. 

Emily, They are, I suppose, very light, and of very thin consist- 
ence, since they are volatile ? 

Mrs. B. They vary very much in this respect, some of them be- 
ing as thick as butter, whilst others are as fluid as water. In order 
to be prepared for perfumes, or essences, these oils are first proper- 
ly purified, and then, either distilled with spirit of wine, as is the 
case with lavender water, or simply mixed with a large proportion 
of water, as is often done with regard to peppermint. Frequently, 
also, these odoriferous waters are prepared merely by soaking the 
plants in water, and distilling. The water then, comes over im- 
pr^nated with the volatile oil. 

Caroline* Such waters are frequently used to take spots of grease 
out of cloth, or silk ; how do they produce that effect ? 

Mrs, B. By combining with the substance that forms these stains ; 
for volatile oils, and likewise the spirit in which they are distilled 
will dissolve wax, tallow, spermaceti, and resins^ if, therefore, the 

* Hydro-carbonate, is also called defiant or oil making gas^ on 
account of the supposed properly here mentioned. But later ex- 
periments have shown thM the substance it forms with chlorine, is 
not an oil, but a kind of ether, hence it is now known under the 
Dame of chloric Mer.^C, 



1102. Is there any known method of making oil by combininf 
its principles ? 

1103. What forms the basis of vegetable perfumes? 

1104. In what part of the plant are the volatile or essential oils 
contained? 

1105. From what proceeds the smell of flowers ? 

1106. How are volatile oils obtained ? 

1107. Why will water mixed with vegetable oils assist in remor- 
io|^ spoti of grease from cloth ? 
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spot proceeds from any of those substances, it will remo?e it In- 
sects of eTery kind hare a great ayersion to perfumes, so that v(^- 
tile oils are employed with success in museums for the preaerra- 
tion of stuffed birds and other species of animals. 

Caroline. Pray, does not the powerful smell of camphor proceed 
from a Tolatile oil ? 

Mrs. B. Camphor seems to be a substance of its own kind, re- 
markable by many peculiarities. But if not exactly of the same 
nature as yolatile oil, it is at least rery analngous to it. It is ob- 
tained chiefly from the camphor-tree, a species of laurel which 
gCrows in China, and in the Indian isles, from the stem and roots of 
which it is extracted.*'* Small quantities have also been distilled 
from thyme, sage, and other aromatic plants ; and it is deposited in 
pretty large quantities by some yolatile oils after long standing-. It 
18 extremely yolatile and inflammable. It is insoluble in water, but 
is soluble in oils, in which state, as well as in its solid form, it is fre- 
quently applied to medicinal purposes. Amongst the particular 
properties of camphor, there is one too singular to be passed oyer 
m silence. If you take a small piece of camphor, and place it on 
the surface of a basin of pure water, it will immediately beg^n to 
moye round and round with great rapidity ; but if you pour into 
the basin a single drop of any odoriferous Auid, it will instantly put a 
stop to this motion. You can at any time try so simple an experi- 
ment ; but you must not expect that I shall be able to account for 
the phenomenon, as nothing satisfactory has as yet been adyanced 
for its explanation. 

Caroline, It is yery singular indeed ; and 1 will certainly make 
the experiment. Pray, what are resinSy which you just now men- 
tioned ? 

Mrs. .B. They are yolatile oils, thathaye been acted on, and pe- 
culiarly modified, by oxygen. 

Caroline. They are, therefore, oxygenated yolatile oils ? 

Mrs. B. Not exactly ; for the process does not appear to consist 
so much in the oxygenation of the oil, as in the combustion of a por- 
tion of its hydro^n, and a small portion of its carbon. For when 
resins are artificially made by the combination of rolatile oils with 
oxygen, the yessel in which the process is performed is brewed 
with water, and #e air included within it is loaded with carbonic 
acid. 

Emily. This process must be, in some respects, similar to that for 
preparing diying oils ? 

Mrs. B. Yes; and it is by this operation that both of them acqaire 
a great degree of consistence. Pitch, tar, and turpentine, are the 
most common resins ; they exude from the pine and fir trees. Co- 

* Camphor comes chiefly from Japan. It is obtained by distilling 
the wood of the laurus camphora,' or camphor tree with water, in 
large iron pots, with earthern caps stuffed with straw. The cam- 
phor sublimes and concretes upon the straw. — C. 

1108. From what is camphor obtained ? 

1109. Is camphor obtained in other plants ? 

1 110. What is the method o/obttsiningU? 

1 111. What remarkable pecoliarity has camphor ? 
1112. What are resins? 
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pal, mastic and rrankincense, are also of this class of vegetable sub- 
stances. 

Emily* Is it of these resins that the mastic and copal varisbes 
so much used in paintine are made ? 

J^Irs, B, Yes. Dissolved either in oil or in alcohol, resins form 
varnishes. From these solutions they may be precipitated by wa- 
tei*, in which they are insoluble. This I can easily show you. If 
you will pour some water into this glass of mastic varnish, it will 
combine with the alcohol in which the resin is dissolved, and the 
latter will be precipitated in the form of a white cloud. 

Emily. It is so. And yet how is it that pictures or drawingfs, var- 
nished with this solution, may safely be washed with water? 

yMrs, B. As the varnish dries, the alcohol evaporates, and the dry 
varnish or resin which remains, not being soluble in water, will not 
be acted on by it. 

There is a class of compound resins, called gum resins, which are 
precisely what their name denotes, that is to say, resins, combined 
with mucilage. Myrrh and assafoetida are of this description. 

Caroline* Is it possible that a substance of so disagreeable a smell 
as assafoetida can be formed from a volatile oil ? 

J^rs. B, The odour of volatile oils is by no means always grateful* 
Onions and garlic derive their smell from volatile oils, as well as ro- 
ses and lavender. 

There is still another form under which volatile oils present them- 
selves, which is that of balsams. These consist of resinous juices 
combined with a peculiar acid, called the benzoic acid. Balsams 
appear to have been originally volatile oils,* the oxygenation of 
which, has converted one part into a resin, and the other part into 
an acid, which combined together, form a balsam ; Kuch are the 
balsams of Peru, Tolu, &c. 

^ We shall now take leave of the oils and their various modifica- 
tioosy-aod^ proceed to the next vegetable substance which is caoui' 
chouc. This is a white, milky, glutinous fluid, which acquires consis- 
tence and blackens in drying, in which state it forms the substance 
with which you are so well acquainted, under the name of gum- 
elastic. 

Caroline. 1 am surprised to hear that gum-elastic was ever white, 
or ever fluid ! And frofn what vegetable is it procured ? 

J^rs. B. It is obtained from two or three different species of trees 
in the East Indies, and South America, by making incisions in the 
stem. The juice is collected as it trickles Irom these incisions, and 
moulds of clay, in the form of little bottles of gum elastic, are dipped 

♦ This is an erroneous idea. Balsams are original and peculiar 
substances, and consist chiefly of resinous matter in a semifluid 
state. The benzoic acid is most probably formed during the pro- 
cess by which it is obtained. — C. 

1113. What are fhe most common resins ? 

1 1 14. Of what are mastic and copal varnishes made ? 

1115. What will be the consequences if water be poured into a 
vessel containing mastic varnish ? 

11 16. What are gum resins ? 

1117. What are balsams ? 

1118. From what is caoutchouc obtained? 

1119. What are its uses? 
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into it A kjer of tiiis juice adheres to tbe daj and dries on it ; 
and sereral layers are snccessiTelj added by repeating ibis till the 
bottle it of safficient thickness. It is then beaten to break down 
tbe clay which is easily shaken oat The natives of the couatries 
where this snbstaoce is prodaced, sometimes make shoes and boots 
of it by a similar process, and they are said to be extremely pleasant 
and seryiceable, both from their elasticity, and their being waters 
proof. 

The substance which comes next in our enumeration of the im- 
mediate ingredients of regetables, is extraclwe matter. This is a 
term which, in % general sense, may be applied to any substance ex- 
tracted from vegetables ; but it is more particularly understood to 
relate to the extractive coloring matter of plants. A great variety 
of colors are prepared from tbe vegetable kingdom, both for the 
purposes of painting and of dyiog ; all the colors called laket^re 
of this description ; but they are less durable than mineral colors, 
for by long exposure to tbe atmosphere, they either darken or 
turn yellow. 

Emily, 1 know that in painting, tbe lakes are reckoned far leu 
durable colors than the ochres ; but what is the reason of it ? 

nMn, B, The change which takes place in vegetable colors is 
owing chiefly to the oxygen of the atmosphere slowly buroiofl^ their 
hydrogen, and leaving in some measure, the blackness of the car- 
bon exposed. Such change cannot take place in ochre, which is 
altogether a mineral substance. 

Vegetable colors have a stronger affinity for animal than for veg- 
etable substances ; and this is supposed to be owing to a small quad- 
titr of nitrogen, which they contain. Thus, silk and worsted will 
take a much finer vegetable dye than linen and cotton. 

Caroline. Dying, then, is quite a chemical process ? 

Jdrs* B. Undoubtedly. Tbe condition required to form a^food 
dye is, that tbe coloring matter should be jffrecipitated, or fixed, 
on the substance to be dyed, and should form a compound not sola- 
]>Ie in the liquids to which it would probably be exposed. Thus, for 
instance, printed or dyed linens or cottons must be ableto resist 
the action of soap and water, to which they most necessarily be sub- 
ject in washing ; and woollens and silks should withstand the action 
of grease and acids, to which they may accidentally be exposed. 

Caroline, But if lin^n and cotton have not a sufficient affinity for 
coloring matter, how are they made to resist the action of washing, 
which they always do when they are well printed ? 

Mrs. B, When the substance to be dyed has either no affinity 
for the coloringj matter, or not sufficient power to retain it, the com- 
bination is effected or strengthened, by the intervention of a third 
•ub§tance called a mordant or basis. The mordant must have a 



1120. What is the extractive matter of vegetables f 

1121. What are the colors called prepared from vegetables ? 

1122. To what is the change which takes place in vegetable col- 
ors owing ? 

1 123. Why have vegetable colors a stronger affinity for animal 
than for vegetable substances ? 

1 124. What is necessary that vegetable colors be durable ? 

1 125. What are mordants and their uses ? 
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stroDg^ affinity both for the coloring* matter and the substance djed, 
bj which means it causes them to combine and adhere together. 

CaroUnB, And what are the substances that perform the office of 
thus reconciling the two adverse parties ? 

J\irs, B. The most common mordant is sulphat of almnioe, or 
alum. Oxyds of tin and iron in the state of compound salts, are 
likewise used for that purpose. 

Tannin is another Tegetatiye ingredient of great iroportanc ein 
the arts, it is obtained chiefly from the bark of trees ; but it is 
found also in nut-galls, and in some other vegetables. 

Emily, Is that the substance commonly called ton, which is used 
in hot-houses ? 

Jdrs, B, Tan is the prepared bark in which the peculiar sub- 
stance, tannin is contained. But the use of tan in hot-houses is of 
much less importance than the operation of tanning, by which skin 
is converted into leather. 

Emily. Pray how is this operation performed ? 

Jdrs. B. Various methods are employed for this purpose, which 
all consist in exposing skin to the action of tannin, or of substan* 
ces containing this principle in sufficient quantities, and disposed 
to yield it to the skin. The most usual wav is to infuse coarsely 
powdered oak bark in water, and to keep the skin immersed in this 
infusion, for a certain length of time. During this process, which 
is slow and gpradual, the skin is found to have increased in weight, 
and to have acquired a considerable tenacity and impermeability to 
water. This effect may be much accelerated by .using strong satu- 
rations of the tanning principle, (which can be extracted frOm bark) 
instead of employing the bark itself. But this quick mode of prep- 
aration does not appear to make equally good leather. 

Tannin is contained in a great variety of astringent, vegetable 
substances, as flails, the rose tree, and wine ; but it is no where so 
plentiful as in bark. All these substances yield it to water, from 
which it may be precipitated by a solution of isinglass or glue, with 
which it strongly unites, and forms an insoluble compound. Hence 
its raluable property of combining with skin (which consists chief- 
ly of glue,) and of enabling it to resist the action of water. 

Emily. Might we not see that effect by pouring a little melted 
isinglass into a glass of wine, which you say contains tannin ? 

JSlr$, B. Yes. I have prepared a solution of isinglass for that 
very purpose. Do you observe the thick, muddy precipitate? 
That is the tannin combined with the isinglass. 

Caroline. This precipitate must then be of the same nature at 
the leather? 

Mrs, B, It is composed of the same ingredients ; but the organi- 
zation and texture of the skin being wanting, it has neither the 
consistence nor the tenacity of the leather. 

1 126. What substances are commonly used as mordants ? 
1127* From what is tannin obtained ? 

1128. What are its uses? 

1129. What is the process of conyerting skins into leather, by 
the use of tanning ? 

1130. Why does tanning cause skins on being changed to leath- 
er, to be impervious to water ? 

1 131. Hon does a solution of isioglass in water differ from leatter ? 
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CaroHne. One might suppose that men who drink large qaanti- 
ties of red wine, stand a chance of baying' the coats of their stom- 
achs converted into leather, since tannin has so strong an affinity 
for skin. 

Mn, B. It is not impossible but that the coats of their stomachs 
may be, in some measure, tanned or hardened by the constant use 
of this liquor ; but you must remember that where a number of 
other chemical agents are concerned, and above all, where life ex> 
ists, no certain chemical inference can be drawn. 

I must not dismiss this subject, without mentioning a recent dis- 
covery of Mr. Hatcbett, which relates to it. This gentleman fouDd 
that a substance very similar to taonm, possessing all its leading 
properties, and actually capable of tanning leather, may be proda- 
ced by ezposmg carbon, or any substance containing carbonaceous 
matter, whether vegetable, animal, or mineral, to the aetionof ni- 
tric acid.* 

Caroline, And is not this discovery likely to be of use to man- 
ufactures f 

Mrs, B* That is very doubtful, because tannin thus artificially 
prepared, must probably always be more expensive than that which 
IS obtained from bark. But the fact is extremely curious, as it af- 
fords one of those very rare instances of chemistry being able to 
imitate the proximate principles of organized bodies. 

The last of the vegetable materials is woody fibre — it is the hard- 
est part of plants. The chief source from which this substance is 
derived, is wood, but it is also contained, more or less, in every sol- 
id part of the plant. It forms a kind of skeleton of the part to which 
it belongs and retains its shape after all the other materials haTC 
disappeared. It consists chie6)r of carbon united with a small por- 
tion of salts, and the other constituents common to all vegetables. 

Emily, It is of woody fibre then, that the common charcoal is 
made ? 

J^rt* B. Tes. Charcoal, as you may recollect, is obtained from 
wood by the separation of all its evaporable parts. 

Before we take leave of the vegetable materials, it will be proper 
at least to enumerate the several vegetable acids which we either 
have had or may have occasion to mention. I believe I formerly 
told you that their basis or radical, was uniformly composed by hy- 
drogen and carbon, and that their difference consisted only in tbt 
various proportions of oxygen which they coptained. 

*To make artificial tannin, Mr. Hatchett used 100 grains of char- 
coal with 500 of nitric acid, diluted with twice its weight of water. 
This mixture was heated, and then suffered to digest for two days; 
more acid was then added, and the digestion continued until the 
charcoal was dissolved. This solution being evaporated to dryness, 
leaves a dark brown mass. This is the tannin in question. Its 
taste is bitter and highly astringent. — C. 



1132. What discovery was made by Mr. Hatchett ? 

1133. How did ke prepare artificial iannin ? 

1134. What is woody fibre .? 

1 135. Of what does it chiefly consist ? 

1 136. Prom what is charcoal made ? 
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The following are the names of the vegetahle acids : 

The Mueout acid obtained from gum or mucilage ; 

Suberict - from cork ; 

Camphoricy - from camphor ; 

Benzoic - from balsams ; 

Oallic - from galls, bark,' &c. 

Malic - from ripe fruits ; 

Citric ' from lemon juice ; 

Oxalic - from sorrel ; 

Succinie - from amber; 

• Tariarous - from tartrit of potash ; 

Acetic - from vinegar; 

They are all decomposable by heat, soluble in water, and turn ve- 
getable blue colours red. The sttccinicy the tartarous, and the aee- 
Um» acidSf are the productions of the decomposition of vegetables ; 
we shall, therefore, reserve their examination for a future period. 

The oxalic <icid^ distilled from sorrel, is the highest term of vege- 
table acidification ; for, if more oxygen be added to it, it loses its 
vegetable nature, and is resolved into carbonic acid and water ; 
therefore, though all the other acids may be converted into the ox- 
alic by an addition of oxygen, the oxalic itself is not susceptible of 
at further degree of oxygenation : nor can it be made by any chem- 
ical processes, to return to a state of lower acidification.* 

To conclude this subject, I have only to add a few words on the 
galHc acid. 

Caroline* Is not this the same acid before mentionecl which forms 
ink, by precipitating sulphat of iron from its solution ? 

Mrs, B, Yes. Though it is usually extracted from galls, on ac- 
count of its being most abundant in that vegetable substance, it 
may also be obtained from a great variety of plants. It constitutes 
what is called the aiiringcnl prindp/c of vegetables ; it is ^enerallr 
combined with tannin, and you will find that an infusion o? tea, cof- 
fee, bark, red wine, or any vegetable substance that contains the 
astringent principle, will make a black precipitate with a solution 
of sulphat of iron. 

Caroline, But pray what are galls ? 

Jlfr«. B, They are excrescences which grow on the bark of young 



* OxaHc acid may be formed artificially. Put one ounce of white 
sug^r, powdered, into a retort, and pour on three ounces of nitric 
acid. When the solution is over, make the liquor boil, and when it 
acquires a reddish brown colour, add three ounces more o( nitric 
acid. Continue the boiling until the fumes cease, and the colour of 
the liquor vanishes. Then let the liquor be poured into a wide ves- 
sel, and on cooling, white slender crystals will be formed. These 
are oxalic acid. — C. 



1 137. What are the names of the vegetable acids ? 

1138. What is the composition of the basis of these acids? 

1139. What general quality have all vegetable acids ? 

1140. What is the highest term of vegetable acidification f 

1141. What acid is called the astringent principle of vegetables f 

1142. Ficom what is it usually extracted? 

1 143. W hat are the galls that yield this acid ? 
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oakt, and are ocoasioo«d bjr aniBMct wbiob wounds the bark of trees, 
aod lays its eggs in the aperture. The lacerated vessels of the trse 
then dischargpB their contents, and form an excrescence, which af* 
fords a defensive co?eri og^ for these eg;fs. The insect, when cometo 
life, first feeds on this excrescence, and soinetinie afterwards csti 
its way out, as it appears from a bole which is formed in all gall-nnti 
that no longrer contain an insect. It is in hot climates oolj tbtt 
strongly astringent gall nnts are found ; those which are used for the 
purpose of making ink are brought from Aleppo. 

Emily. But are not the oak apples which grow on the letYSSof 
the oak in this country of a similar nature? 

Mrs, B. Yes; only they are an inferior species of g^lls, coatsin- 
ing less of the astringent principle, and therefore less applicable to 
useful purposes. 

Caroline. Are the vegetable acids never found but in their pore 
uncombined state? 

J^rs, B, By no means; on the contrary, they are frequently met 
with in the state of compound salts ; these, however, are in geoersl 
not fully saturated with the salifiable bases, so that the acid predom- 
inates ; and in this state, they su'e called addulout salts. Of this 
kind is the salt called eream of tartar. 

C«ro/tne. Is not the salt of lemon commonly need to take out ink- 
spots and stains, of this nature ? 

Jirt, B. No; that salt consists of the oxalic acid, combined with 
a little potash. It is found in that state in sorrel. 

Caroline. And pray bow does it take out ink-spots? 

Mrs. B. By uniting with the iron, and rendering it solable is 
water. 

Besides the vegetable materials which we have enumerated, t 
variety of other substances, common to the three kingdoms, ire 
found in vegetables, such as potash, which was formerly sappoied 
to belong exclusively to plants, and was, in consequence, called tbe 
vegetable alkali. 

Sulphur, phosphorus, earths, and a variety of metallic oxyds, tre 
also found in vegetables, but only in small Quantities. And we meet 
sometimes with neutral salts, formed by tne combination of these 
ingredients. 



CONYfiJEUSATION XXI. 

ON THE DECOXPOSinOir OF VB«STABLB8. 

Caroline, The account which you have given us, Mrs. B., of tbe 
materials of vegetables, is doubtless, very instructive; but it does 

1144. In wliat climates are strongly astringent gall-nuts found ? 

1145. Are tbe vegetable acids never found but in their pure an* 
combined state? 

1146. How does the oxalic acid remove ink-spots? 

1147. What substances common to the three kingdoms are fsnoA 
in vegetables ? 
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not completely satisfy my curiosity. I wish to know bow plants ob- 
tain the principles from which their various materials are formed ; 
by what means these are converted into veg^etable matter, and how 
they are connected with the life of the plant. 

Mrt. B. This implies nothing less than a complete history of the 
chemistry and physiology of vegetation, subjects on which we have 
yet but very imperfect notions. Still 1 hope that 1 shall be able, in 
some measure, to satisfy your curiosity. But, in orde)r to render the 
subject more intelligible, I must first make you acquainted with the 
various changes which vegetables undergo, when the vital power 
no longer enables them to resist the common laws of chemical at- 
traction. 

The composition of vegetables being more complicated than that 
of minerals, the former more readily undergo chemical changes 
than the latter ; for the greater the variety of attractions, the more 
easily is the equilibrium destroyed, and a new order of combinations 
introduced. 

Umily. I am surprised that vegetables should be so easilv suscep- 
tible of decomposition : for the preservation of the vegetable king- 
dom is certainly far more important than that of mmerals. 

Mn, B, Tou must consider, on the other hand, how much more 
easily the former is renewed than the latter. The decomposition of 
the vegetable takes place only afler the death of the plant, which, 
in the common course of nature, happens when it has yielded fruit 
and seeds to propagate its species. If, instead of thus finishing its 
career, each plant was to retain its form and vegetable state, it 
would become an useless burden to the earth and its inhabitants. 
When vegetables, therefore, cease to be productive, they cease to 
live, and nature then bejs^ins her process of decomposition, in order 
to resolve them into their chemical constitnents, hprdrogen, carbon 
and oxygen ; those simple and primitive ingredients, which she 
keeps in store for all her combinations. 

Kmily. But since no system of combination can be destroyed ex- 
cept by the establishment of another order of attractions, how can 
t)je decomposition of vegetables reduce them to their simple ele- 
ments? 

Mr8,.B. It is a very long process, during which a variety of new 
combinations are successively established, and successively destroy- 
ed ; but, in each of these changes, the ingredients of vegetable 
matter tend to unite in a more simple order of compounds, till they 
are at length brought to their elementary state, or, at least, to their 
most simple order of combinations. Thus you will find that vege- 
tables are in the end almost entirely reduced to water and carbonic 
acid ; the hydrogen and carbon dividing the oxygen between them 
so as to form with it these two substances. But the variety of inter- 
mediate combinations that take place during the several stages of 



1 148. Why do vegetables more readily undergo chemical chan- 
ge than minerals .' 

1149. When do vegetables become decomposed } 

1150. Into what are vegetables reduced by decomposition f 
1161. Since no system of combination can be destroyed, except 

by the establishment of another order of attractions, how can the de- 
composition of vegetablet reduce them to their simple elements.^ 
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the decomposition of vegetables, present us with a new set of com- 
pounds, well worthy of our exainioation. 

Caroline. How is it possible that vegetables, while putrefying, 
should produce any thing worthy of observation ? 

Mrs, B, They are susceptible of undergoing certain changes 
before they arrive at the state of putrefaction, which is the final 
term of decomposition ; and of these changes we avail ourselves for 
particular and important purposes. But, in order to make you un- 
derstand this subject, which is of considerable importance, 1 most 
explain it more in detail. 

The decomposition of vegetables is always attended by a violent 
internal motion, produced by the disunion oif one order of particles, 
and the combination of another. This is called fermentatioic. 
There are several periods at which this process stops, so that a state 
of rest appears to be restored, and the new order of compounds fair- 
ly established. But, unless means be used to secure these new 
combinations in their actual state, their duration f^ill be but tran- 
sient, and a new fermentation will take place, by which the com- 
pound last formed will be destroyed ; and another, and less complex^ 
will succeed. 

Emily* The fermentations, then, appear to be only the successive 
steps by which a vegetable descends to its final dissolution. 

Mri» B. Precisely so. Your definition is perfectly correct. 

Caroline. And how many fermentations, or new arrangements, 
does a vegetable undergo before it is reduced to its simple ingredi- 
ents ? 

Mrs. B, Chemists do not exactly agree in this point ; but there 
are, I think, four distinct fermentations, or periods, at which the de- 
composition of vegetable matter stops and changes its course. But 
every kind of vegetable matter is not equally susceptible of under- 
going all these fermentati9ns. 

There are likewise several circumstances required to produce 
fermentation. Water, and a certain degree of heat are both essen- 
tial to this process, in order 4o separate the particles, and thus weak- 
en their force of cohesion, that the new chemical affinities may be 
brought into action. 

Caroline. In frozen climates, then, how can the spontaneous de- 
composition of vegetables take place ? 

Jlfr<. B, It certainly cannot ; and, accordingly, we find scarcely 
any vestiges of vegetation where a constant frost prevails. 

Caroline. One would imagine that, on the contrary, such spots 
would be covered with vegetables ; for since they cannot be decom- 
posed, their number must always increase. 

Mrt. B. But, my dear, heat and water are quite as essential to 
the formation of vegetables, as they are to their decomposition. Be- 
sides, it is from the dead vegetables, reduced to their elementary 
principles, that the rising generation is supplied with sustenance. 
No youn? plant, therefore, can grow, unless its predecessor) contri- 
i)ute both to its formation and support ; and these not only furnish 

115^. What is the process called, that disunites and decomposes 
the elements of vegetables i 

1 153. What are the fermentations? 

1 154. How many kinds of fermentation are there? 

1 155. What is necessary to produce fermentation ? 
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the seed from which Ibe new phuit springs, but likewise the food by 
which it is nourished. 

Caroline, Under the torrid zone, therefore, where water is never 
frozen^ and the heat is very great, both the processes of Tegetation 
and of fermentation mast, I suppose, be extremely rapid? 

Mrs. B. Not so much as you imagine ; for in such climates great 
part of the water which is required for these processes is in an aeri- 
form state, which is scarcely more conducive either to the gprowth or 
formation of vegetables than that 6f ice. In those latitudes, there- 
fore, it is only in low, damp situations, sheltered by woods from the 
sun's rays, that the smaller tribes of vegetables can grow and thrive 
during the dry season, as dead vegetables seldom retain water 
enough to produce fermentation, but are on the contrary, soon dried 
np by the beat of the sun, which enables them to resist that process ; 
so that it is not till the fail of the autumnal* rains (which are very 
violent in such climates,) that spontaneous fermentation can take 
place. 

The several fermentations derive their names from their principal 
products. The first is called the saccharine fermeniationy because 
Its product 18 sugar. 

Caroline, But sugar, you have told us, is found in all vegetables ; 
it cannot, therefore, be the product of th^ir decomposition. 

Mrs, B, It is true that this fermentation is not confined to the 
decomposition of vegetables, as it continually takes place durinp^ 
their life; and, inde^, this circumstance has till lately prevented it 
from being considered as one of the fermentations, and the forma- 
tion of sugar, whether in living or dead vegetable matter, is so evi- 
dently a new compound, proceeding from the destruction of the pre- 
vious order of combinations, and essential to the subsequent fer- 
mentations, that it is now, I believe, generally esteemed the first 
step, or necessary preliminary to decomposition, if not an actual 
commencement of that process. 

Caroline, I recollect your hinting to us that sugar was supposed 
not to be secreted from the sap, in the same manner as mucilage, 
fecula, oil, and the other ingredients of vegetables. 

Mrs, B. It is rather from these materials, than from the sap itself, 
that sugar is formed ; and it is developed at particular periods, as 
yon may observe in fruits, which become sweet in ripening, some- 
times even after they have been gathered. Life therefore is not 
essential to the formation of sugar, whilst, on the contrary, muci- 
lage, fecula, and the other vegetable materials that are secreted 
from the sap by appropriate organs, whose powers immediately de- 
pend on the vital principle, cannot be produced but during the ex- 
istence of that principle. 

Emily, The ripening of fruits is then their first step to destrnc- 
tion as well as their last towards perfection ? 

Mrs, B, Exactly. A process analogous to the saccharine fer- 

1 157. What in the torrid zone prevents the processes of v^eta- 
tion and fermentation from being rapid? 

1158. F rom what do the several fermentations derive their names ? 

1159. Why is the first of them called a saccharine fermentation ? 

1160. Why was not sug^ formerly considered a fermentation f 

1161. Why is it at present considered a fermentation ? 
1 1 6S. From what parts of vegetables is ingar formed i 

22* 
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menUtioQ takes fdmce alto during the cooking of cwtain Tegetibki. 
This is the case with parsnips, carrots, potatoes, ^., in which sweet- 
ness is dereloped by beat and moisture ; and we know that if we 
carry the process a little farther, a more complete decompositioa 
would ensue. The same process takes place also in seeds preriooi 
to tbeir sprouting. 

Caroline, How do you reconcile this to your theory, Mrs. B. 
Can you suppose that decomposition is the necessary precursor of 
life^ 

Mrs, B, That is indeed the case. The materials of the seed most 
be decomposed, and the seed disorg^ized, before a plant can sproat 
from it. Seeds, besides the embryo plant, contain (as we hsYesl- 
ready obserred) fecula, oil, and a little mucilage. These sabstan- 
ces are destined for the nourishment of the future plant; but they 
undergo some change.before they can be fit for this function. The 
seeds, when buried in the earth, with a certain degree of moisture 
and of temperature, absorb water, which dilates them, separates 
their particles, and introduces a new order of attractions, ot which 
sug^r is the product. The substance of the seed is thus softened, 
sweetened, and converted ioto a sort of white, milky pulp, fit for 
the nourishment of the embryo plant 

The saccharine fermentation of seeds is artificially produced, for 
the purpose of making malt, by the following process : — A quantity 
of barley is first soaked in water for two or three days : the water 
being afterwards drained off, the grain heats spontaneously, swelli, 
bursts, sweetens, shows a disposition to germinate, and actually 
sprouts to the length of an inch, when the process is stopped by put- 
tmg it into a kilo, where it is well dried at a gentle heat In this 
state it is crisp and friable, and constitutes the substance called mo/Ii 
whioh is the principal ingredient of beer. 

Emily, But I hope you will tell us bow malt is made into beer? 

Mrs, B, Certainly ; but I must first explain to you the nature of 
the second fermentation, which is essential to that operation. This 
ii called the vinotu/ermentcUiony because its product is wine, 

Emily, How very different the decomposition of vegetables ii 
from what I bad imagined ! The products of their disorg^izatioo 
appear almost superior to those which they yield during tbeir state 
of life and perfection. 

Mn, B, And do you not, at the same time, admire the beautiful 
economy of Nature, which, whether she creates, or whether she 
destroys, directs all her operations to some useful and benevolent 
purpose? — It appears that the saccharine fermentation is extremely 
favorable, if not absolutely essential, as a previous step, to the vinous 
fermentation ; so that if sugar be not developed during the life of the 
plant, the saccharine fermentation must be artificially produced be- 

1 163. What process analogous to saccharine fermentation takes 
place during the cooking of certain vegetables f 

1164. How would you describe this fermentation in seeds prior 
to germination ? 

1 165. How is saccharine fermentation exhibited in the making 
of malt ? 

1 166. Why is the second fermentation called vinous ? 

1 167. Wh V does barley resist the vinous fermentatioQ until it bii 
gone through the saccharine ? 
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fore the vinoat fermentation can tftke place. This is the case with 
barley, which does not yield an^ sugar until it is made into malt ; 
and it is in tbat state only that it is susceptible of undergoing the 
▼inous fermentation by which it is converted into beer. 

Caroline, But if the product of the Tinous fermentation is always 
wine, beer cannot have undergone that process, for beer is certain* 
ly not wine. 

^r8, B. ChemicalljT speaking, beer may he considered as the 
wine of ^rain. For it is the product of the fermentation of malt, 
just as wine is that of the fermentation of grapes, or other fruits. 

The consequence of the vinous fermentation is the decomposition 
of the saccharine matter, and the formation of aspiritous liquor from 
the constituents of the sugar. But in order to promote this ferment- 
ation, not only water and a certain degree of heat are necessary, but 
some other vegetable ingredients, besides the sugar, as fecifta, mu- 
cilage, acids, salts, extractive matter, ke- ail of which seem to con- 
tribute to this process, and give to the liquor its peculiar taste. 

Emily. It is, perhaps, for this reason, tbat wine is not obtained 
from the fermentation of pure sugar ; but that fruits are chosen for 
that purpose, as they contain not only sugar, but likewise t^e other 
Tegetabie ingredients which promote the vinous fermentation, and 
give the peculiar flavour. 

Mrs, B, Certainly. And you must observe, also, that the relative 
quantity of sugar is not the only circumstance to be considered in the 
choice of vegetable juices for the formation of wine ; otherwise the 
tug^r-cane would be best adapted for tbat purpose. • It is rather the 
manner and proportion in which the sugar is mixed with other vege- 
table ingredients that influences the production and qualities of wine . 
And it is found that the juice of the grape not only yields the most 
considerable proportion of wine, but that it likewise afibrds it of the 
most grateful flavour. 

Emily, I have seen a vintage in Switzerland, and I do not re- 
collect that heat was applied, or water added, to produce the fer- 
mentation of the grapes. 

Mrs. B. The common temperature of the atmosphere in the cel- 
lars in which the juice of the |^rape is fermented is sufficiently warm 
for this purpose; and as the juice contains an ample supply of water, 
there is no occasion for any addition of it. But when fermentation is 
produced in dry malt, a quantity of water must necessarily be added. 

Emily, But what are precisely the changes that happen during 
the vinous fermentation ! 

Mn. B. The sugar is decomposed, and its constituents are re- 
combined into two new substances : the one a peouliar liquid sub- 
stance, called alcohol or spirit ofwine^ which remains in the fluid ; 
theother, carbonic acid g^, which escapes during the fermentation. 
Wine, therefore, as I before observed, in a general point of view 
may he considered as a liquid, of which alcohol constitutes the etsen- 

1168. What is the consequence of the vinous fermentation? 

1 169. What is necessary to produce this fermentation ? 

1170. Why are grapes chosen for wine instead of pure sng^ar ? 

1171. What is to be considered in the choice of vegetable juices 
for the formation of wine ? 

1172. What are the changes that happen during the vinotts fer- 
mentation ? 
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tial part. And the Tarietj of strength and flavour of the different 
kiDos of wine, are to be attributed to the different qualities of the 
fruits, from which they are obtained, independently of the sugar. 

Caroline. 1 am astonished to hear that so powerful a liquid as spir- 
it of wine should be obtained from so mild a substance as sug^ar. 

•/If rt. B. Can you tell me in what the principal difference con 
sists between alcohol and sugar P 

Caroline* Let me reflect ; — Sug^r consists of carbon, hydrogen, 
and oxygen. If carbonic acid be subtracted from it, during the for- 
roatioo of alcohol, the latter will contain less carbon and oxygen 
than sugar does ; therefore hydrogen must be the prevailing prin- 
ciple of alcohol. 

Mrs, B. It is exactly so. And this very large proportion of hy- 
drogen accounts for the lightness and combustible property of alco- 
hol, aod of spirits in general, all of which consist of alcohol vari- 
ously modified. 

Emily. And can sugar be recomposed from the combination of 
alcohol and carbonic acid ? 

Mr$. B, Chemists have never been able to succeed in effecting 
this ; but from analogy 1 should suppose such a recomposition possi- 
ble. Let us now observe more particularly, the phenomena that 
take place during the vinous fermentation. At the commencement 
of this process, beat is evolved, and the liquor swells considerably 
from the formation of the carbonic acid, which is disengaged in such 
prodigious quantities as would be fatal to any person who should 
unawares inspire it ; an accident which has sometimes happened. 
If the fermentation be stopped by putting the liquor into barrels, 
before the whole of the carbonic acid is evoWed, the wine is brisk, 
like Champagne, from the carbonic acid imprisoned in it, and it 
tastes sweet, like cider, from the sugar not being completely de- 
composed. 

Emily, But I do not understand why heat should be evolved 
during this operation. For, as there is a considerable formation 
of gas in which a proportionable quantity of heat must become in- 
sensible, [ should have imagined that cold, rather than heat, would 
have been produced. 

Mrs. B. It appears so on first consideration ; but yon>mnst recol- 
lect that fermentation is a complicated chemical process; and that, 
during the decompositions and recompositions attending it, a quan- 
tity of chemical heat may be disengaged, sufficient botbtodevelope 
the gas, and to effect an increase of temperature. When the fer- 
mentation is completed, the liquid cools and subsides, the efferves- 
ence ceases, and the thick, sweet, sticky juice of the fruit, is con- 
verted into a clear, transparent, spirituous liquor, called wine. 

Emily. How much 1 regret not having been acquainted with 
the nature of the vinous fermentation, when 1 bad an opportunity 
of seeing the process. 
Mn. B, Tou have an easy method of satisfying yourself in that 

1173. What is the principal difference between sugar and alcohol.^ 

1174. Can su^r oe recomposed by the combination of alcohol 
and carbonic acid ? 

1 175. What takes place at the commencement of the viDom fer- 
mentation ? 

1176. Why is Champagne wine so brisk ? 

1177. What process is analagous to the making of wine ? 
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respect by observiog the process of brewiDg*, vrjiich in erery essen- 
tial circumstance, is similar to that of making wine, and is really a 
Tery curious chemical operation. 

Although we cannot actually make wine at this moment, it will be 
easy to show you the mode of analyzing it. This is done by distil- 
lation. When wine of any kind is submitted to this operation, it is 
found to contain brand]f, water, tartar, attractire colouring matter 
and some regetable acids. 1 have put a little Port wine mto this 
alembic of glass, & /pj ^4.) 

on placing the lamp — v «• •; 

under it, you will 
soon see the spirit 
and water succes- 
^ si?ely come over- 

Emily. But you 
do not mention al- 
cohol amongst the 
products of the dis- 
tillation of wine; 
and yet that is its 
most essential in- 
gredient. 

JdrM, B. The al- 
cohol is contained 
in the brandy which 
is now coming oyer 
and dropping from 
the still. Brandy is 
nothing more than 
a mixture of alco- 
hol and water; and 
in order to obtain 
the alcohol pure, 2 
we must again dis- 
til it from brandy. 

Caroline. I have just taken a drop on my finger ; it tastes like 
strong brandy, but it is without colour, whilst brandy is of a deep 
yellow. 

Jirs, B. It is not so naturally ; in its pure state, brandy is colour- 
less, and it obtains the yellow tint you observe, by extracting the 
colouring matter from the new oaken casks in which it is kept. But 
if it does not acauire the usual tinge in this way, it is the custom to 
colour the branay used in this country artificially with a little burnt 
sugar, in order to give it the appearance of having been long kept. 

Caroline. And is rum also distilled from wine? 

MrM,B, Bj no means ; it is distilled from the sug^r cane, a plant 
which contains so great a quantity of sugar, that it yields more al- 
cohol than almost any other vegetable. After the iuice of the cane 
Ibas.been pressed out for making sugar, what still remains in the 
bruised cane is extracted by water, and this watery solution of su- 
gar is fermented, and produces rum. 




A, AluBbie.— B. Lamp — C. Win*. 



1178. When wine is distilled what is the product ? 

1179. What is brandy? 

1 1 80. From what does brandy obtain its colouring ? 

1181. From what and how is rum distilled .' 
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The spiritons liqudr called ar€u:k is id a similar maooer distilled 
from the product of the yinous fermentatioD of rice. 

Emily. But rice has do sweetoess ; does itcootaio aoj sugpr? 

JIfrt. B, |jike barley, and most other seeds, it is iDsipid until it 
has undergone the saccharJDe fermeDtation ; and this, you must re- 
collect, is always a previous step to the vmous fermentation in tiiose 
Tegetables in which sugar is not already formed. Brandy may, in 
the same manner, be obtained from malt. 

Caroline. You mean from beer, I suppose ; for the malt must 
have previously undergone the vinous fermentation. 

Mrs. B. Beer id not precisely the product of the vinous ferment- 
ation of malt. For bops are a necessary ingredient for the forma- 
tion of that liquor ; whilst brandy is distilled from pure fermented 
malt. But brandy, no doubt, might be distilled from beer, as well 
as from any other liquor that has undergone the vinous fermenta- 
tion : for since the basis of brandy is alcohol, it may be obtained 
from any liquid that contains that spiritous substance. 

Emily. And prav, from what vegetable is the favourite spirit of 
the lower orders of the people, gin, extracted? 

JIfrt. B. The spirit (which is the same in all fermented liquors] 
may be obtained from any kind of grain ; but the peculiar flayour 
which distinguishes gin is that of juniper berries, f^hich are distilled 
together with the grain. 

1 think the brandy contained in the wine which we are distilling, 
must, by this time, be all come over. Yes— taste the liquid that is 
DOW dropping from the alembic. 

Caroline. It is perfectly insipid, like water. 

Jlfrt. B. It is water, which as I was telling you, is the second 

{product of wine, and comes over after all the spirit, which is the 
ightest part, is distilled. The tartar, and extractive colouring 
matter we shall find in a solid form at the bottom of the alembic. 

Emily. They look very much like the lees of wine. 

Mrs. B. And in many respects, they are of a similar nature, for 
lees of wine consist chiefly of tartrit of potash ; a salt which exists 
in the juice of the grape, and in many other vegetables, and is de- 
yeloped only by the vinous fermentation. During this operation, it 
is precipitated, and deposits itself on the internal surface of the 
cask in which the wine is contained. It is much used in medicine, 
and in various arts, particularly dying, under the name of cream of 
tartar^ and it is from this salt that the tartarous acid is obtained. 

Caroline. But the medicinal cream of tartar is in appearance, 
quite dififerent from those dark coloured dregs; it is perfectly 
colourless. 

Mn. B. Because it consists of the pure salts only, in its crystal- 
lized form ; whilst in the instance before us, it is mixed with the 
deep coloured extractive matter, and other foreign ingredients. 

Emily. Pray, cannot we now obtain pure alcohol from die bran- 
dy which we have distilled ? 

Mrt.B. We might; but the process would be tedious; for in 
order to obtain alcohol perfectly free from water, it is necessary to 
distil, or, as the distillers call it, rect^y it several times. You must 

1182. From what and how is gin distilled.' 

1183. What is the origin of the cream of tartar ? 

1184. From what may alcohol be obtained } 
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therefore, allow me to produce a bottle of alcohol that hai been 
thus purified. This it a rery important ingredient, which has man/ 
strikmg properties, besides its forming the basis of all spiritous 
liquors. 

Emily. It is alcohol, I suppose, that produces intoxication? 

Jlfn. JS. Certainly ; but the stimulus asd momentary energy it 
g'ives to. the system, and the intoxication it occasions when taken 
in excess, are circumstances not yet accounted for. 

Caroline* I thought that it produced these effects by increasing 
the rapidity of the circulation of the blood; for drinking wine or 
spirits, 1 hare beard always quickens the pulse. 

Jtfri . B, No doubt ; the spirit by stimulatine the nerves increases 
the action of the muscles; and the heart, which is oue of the stronr- 
est muscular or^ns, beats with augmented vigour, and propels the 
blood with accelerated quickness. After such a strong excitation 
the frame naturally suffers a proportional degree of depression, so 
that a state of debility and languor, is the invariable consequence 
of intoxication. But though these circumstaoces are well ascer*. 
tained, they are far from explaining why alcohol should produce 
such effects. 

Emily, Liqueurs are the only kiud of spirits which I think plea- 
sant. Pray, of what do they consist ? 

Jtfri. B. They are composed of alcohol, sweetened with syrup, 
and flayoured with yolatile oil. 

The different kinds of odoriferoos spiritous waters are likewise 
solutions of yolatile oil in alcohol, as lavender water, ean de Co- 
logne, Ac* 

The chemical properties of alcohol are important and numerous. 
It is one of the most powerful chemical agfents, and is particularly 
useful in dissolving a variety of substances, which are soluble nei- 
ther bj water nor heat. 

Emily, We have seen it dissolve copal and mastic to form var- 
nishes ; and these resins are certainly not soluble in water, since 
water precipitates themYrom their solution in alcohol. 

Mrs, B, I am happy to find that you recollect these circum- 
stances so well. The same experiment affords also an instance of 
another property of alcohol, — its tendency to unite with water ; for 
the resin is precipitated inconsequence of losing the alcohol, which 
sbandoos it from its preference for water. It is attended also, as 
you may recollect, with the same peculiar circumstance of a dis- 
eng^ement of beat, and consequent diminution of bulk, which we 
have supposed to be produced by a mechanical penetration of par- 
ticles, by which latent heat is forced out. 

Alcohol unites thus readily not only with resins and with water, 
hot with oils and balsams ; these compounds form the extensive 
class of elixirs, tinctures, quintessences, &c. 

JEimilif. 1 suppose that alcohol must be highly combustible, since 
it contains so Isirge a proportion of hydrogen. 

1185. What is the intoxicatii^ principle in spiritous liquors ? 

1186. How does it produce this effect ? 

1187. What are the different kinds of odoriferous spiritous w^* 
ters? 

1188. What are some of the most peculiar uses of alcohol ? 

1 1 89. Why are brandy and other spiritous liquors so combustible? 
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JUrt. B, Extremely so ; and it will burn at a very moderate 
temperature. 

Caroline. 1 have often seen both brandy and spirit of wine burnt ; 
they produce a g^reat deal of flame, but not a proportional quantity 
of heat, and no smoke whatever. 

Mrt. B, The last circemstance arises from their combustion be- 
ing^ complete ; and the disproportion between the flame and heat 
shows you that these are by no means synonymous. 

The g^reat quantity of flame proceeds from the combustion of the 
hydrogen, to which you know that manner of burning is peculiar.- 
Have you not remarked also, that brandy and alcohol will bam 
without wick ?— They take fire at so low a temperature, that this 
assistance is not required to concentrate the heat and volatilize the 
fluid. 

Caroline. I have sometimes seen brandy burnt by merely hcatlne 
it in a spoon. 

Jlfn. B. The rapidity of the combustion of alcohol, may, how- 
ever, be prodigiously increased by first volatilizing. An ingenioni 
instrument has been constructed on this principle to aniwcr the 
purpose of a blow- pipe, which may be used for melting glass, or other 
chemical purposes. It consists of a small metallic vessel, (fig. 35,) 
of a spherical shape, p. «_ 

which contains the alco- /ii^^». Jot • 

hoi, and is heatedbyihe ^ -^^^^^^ Blawjnpe. 
lamp beneath it; as soon 
as the alcohol is vola- 
tilized, it passes thro' the 
spout of the vessel, and 
issues Just above the 
wickof'^the lamp which 
immediately sets fire to 
the stream of vapour, as 
I shall show you.* 

Emily. With what 
amazing violence it 
burns ! The flame of J 
alcohol, in the state of* 
vapour, 18,1 fancy, much 
hotter than when the- ^- Thtump.— E.TheT«««ii« wkkhti-AioohoHifcoo. 

spirit is merely burnt cohol directed towardiafluttaktH. 

in a spoon. 

Mr$. B. Tes ; because in this way the combustion goes on much 
quicker, and, of course, the heat is proportionally increased .*-0b- 

* A spirit lamp, which answers very well for bending small glaw 
tubes, may be constructed by almost any one. Take a low f'w^ 
with a wide mouth, fit a cork to it, and pierce the cork to admit a 
piece of glass tube, the bore of which is about the size of a la^ 

1190. Why is no smoke produced when brandy or spirit of win« 
is burnt? 

1191. Why will brandy and alcohol bum without a wick ? 

1 192. How would you describe the experiment represented in 

J 193. How would yoa describe the spirit lamp ? 
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serve its effect od this small class tube, the middle of which I pre- 
sent to the extremity of the flame, where the heat is greatest. 

Caroline. The glass, in that spot, is become red hot, and bends 
from its own weight. 

Jdn. B' 1 have now drawn it asunder, and am going to blow a 
ball at one of the heated ends ; but 1 must previously close it up 
and flatten it with this little metallic instrument, otherwise the 
breath would pass through the tube without dilating any part of it. 
— Now Caroline, will you blow strongly into the tube whilst the 
closed end is red hot? 

Emily. You blow too hard ; for the ball suddenly dilated to a 
great size, and then burst into pieces. 

•Mrs. B. You will be moi*e expert another time ; but I must can- 
iion you, should you ever use this blow-pipe, to be very careful that 
the combustion of the alcohol does not go on with too great vio- 
lence, fori have seen the flame sometimes dart out with such force 
as to reach the opposite wall of the room, and set the paint on fire. 
There is however, no danger of the vessel bursting, as it is provi- 
ded with a safety tube, which aflbrds an additional vent for the va- 
pour of alcohol when required. 

The products of the combustion of alcohol consist in a great pro- 
portion of «val<:r, and a small quantity of carbonic acid. ^There is 
no smoke or fixed remains whatever. — How do you account for 
that, Emily ? 

Emily. 1 suppose that the oxygen which the alcohol absorbs in 
burning, converts its hydrogen into water, and its carbon into car- 
bonic acid gas, and thus it is completely consumed. 

Jlfr«. B. Very well.— E/Acr, the lightest of all fluids, and with 
which you are well acquainted, is obtained from alcohol, of whi(!h 
it forms the lightest and most volatile part. 
Emily. Ether, then, is to alcohol, what alcohol is to brandy. ^ 
J^r$, B. No ; there is an essential diflierence.' In order to ob- 
tain alcohol from brandy, you need only deprive the latter of its 
water; but for the formatioo of ether, the alcohol must be decom- 
posed, add one of its constituents partly subtracted. I leave you to 
guess wh^ch of them it is. 

Emily. It cannot be hydrogen, as ether is more volatile than al- 
cohol, and hydrogen is (he lightest of all its ingredients : nor do I 
' suppose that it can be oxygen, as alcohol contains so small a propor- 
tion of that principle; it is therefore, most probably, carbon, a di- 
minution of which would not fail to render the new compound more 
volatile. 

^rt, B, You are perfectly right. The formation of ether con- 
sists simply in subtracting from the alcohol a certam proportion of 
carbon ; this is effected by the action of the sulphuric, nitric, or mu- 

goose-quill. Let the tube rise an inch or two above the <5ork — 
pass some cotton wick through the tube — then fill the vial with al- 
cohol, and put the cork and tube in their places. The lamp is then 
ready.— C. 

1194. What is the composition of alcohol.^ 

1 195. From what is ether obtained ? 

1196. How does it differ from alcohol? 

1197. In what does the formation of ether consist? 

23 
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riatic acids, on alcohol. The acid and carbon remaia at the bot- 
tom of the vessel, whilst the decarbonized alcohol flies off in the 
form of a condensable vapour, which is ether. 

Ether is the most inflammable of all fluids, aod burns at so low a 
temperature that the heat evolved during^ its combustion is more 
than is required for its support, so (hat a quantity of ether is volati- 
lized, which takes fire, and gradually increases the violence of the 
combustion. 

Sir Humphrey Davy has lately discovered a very singular fact re- 
specting the vapour of ether. If a few drops of ether be poured in- 
to a wine glass, and a fine platina wire, heated almost to redness, be 
held suspended in the glass, close to the surface of the ether, the 
wire soon becomes intensely red hot, and remains so for any length 
of time. We may easily try the experiment. 

Caroline. How very curious! The wire is almost white hot, and 
a pungent smell rises from the glass. Pray how is this accounted 
for? 

Jlfr». B. This is owing to a very peculiar property of the vapour 
of ether, and indeed of many other combustible gaseous bodies. At 
a certain temperature lower than that of ignition, these vapours uor 
dergo a slow aod imperfect combustion, which does not give rise, 
in any sensible degree, to the phenomena of light tind flame, and 
yet extricates a quantity of caloric sufficient to re-act upon the 
wire, and make it red hot, and the wire in its turn keeps up the ef- 
fect as lon^ as the emission of vapour continues. 

This singular effect, which is also produced by the alcohol, may 
be rendered more striking, and kept up for an indefinite length of 
time, by rolling a few coils of platina wire, of the diameter of from 
about l-60th to l-70th of an inch, round the wick of a spirit-lamp. 
If this lamp be lighted foramoment, and blown out again, the wire, 
after ceasing for an instant to be luminous, becomes red hot again, 
(hough the lamp is extinguished, and remains glowing vividlj, till 
the whole of the spirit contained in the lamp has been evaporated 
and consumed in this peculiar manner. 

Caroline. This is extremely curious. But why should not an 
iron or silver wire produce the same effect ? 

Mrs. B. Because either iron or silver, being much better coo- 
duclors of heat than platina, the heat is carried off^too fast by these 
metals to allow the accumulation of caloric necessary to produce 
the effect in question. 

Ether is so light that it evaporates at the common temperature of 
the atmosphere; it is therefpre necessary to keep it confined bra 
well ground glass stopper. No degree of cold known has ever fro- 
zen it.* 



* Ether freezes and shoots into crystals, at 46^ below the zero of 
Fahrenheit. — C. 

1198. What is the most inflammable of all bodies? 

1199. What singular eff'ect has Sir H. Davy lately discovered re- 
specting the vapour of ether? 

1200. How maj this effect be rendered more striking? 

1201. Why would not an iron or silver wire produce the 8 
effect? 

1202. At what degree of cold will ether freeze? 
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Caroline. Is it not often taken medicinally ? 

J^rs. B. Tea; it is one of the most effectual antispasmodic medi- 
cines, and the quickness of its effects, as such, probably depends on 
its being instantly converted into vapour by the heat of the, stomach, 
through the intervention of which it acts on the nervous system. 
But the frequent use of ether, like that ofspiritous liquors, becomes 
prejudicial, and, if taken to excess, it produces effects similar to 
those of intoxication. 

We may now take our leave of the vinous fermentation, of which, 
I hope, you have acquired a clear idea ; as well as of the several 
products that are derived from it. 

Caroline, Though this process appears, at first sight, so much 
complicated, it may, I think, be summed up in a few words, as it 
consists in tbe.couversion of sugar and fermentable bodies into alco- 
hol and carbonic acid, which gives rise both to the formation of 
wine, and of all kinds ofspiritous liquors. 

Mrt, B, We shall now proceed to the acetous fermentation, which 
is thus called, because it converts wine into vinegar, by the forma- 
tion of the acetous acid, which is the basis or radical of vinegar. 

Caroline* But is not the acidifying principle of the acetous acid 
the same as that of all other acids, oxygen ? 

•Mrs. B. Certainly: and on that account the contact of air is es- 
sential to this fermentation, as it affords the necessary supply of ox- 
ygen. Vinegar, in order to obtain pure acetous acid from it, must 
be distilled and rectified by certain processes. 

Emily, But pray, Mrs. B. is not the acetous acid frequently 
formed without this fermentation taking place ? Is it not, for in- 
stance contained in acid fruits, and in every substance that be- 
comes sour? 

Mrs, B. No, not in fruits ; you confound it with the citric, the 
malic, the oxalic, and other vegetable acids, to which living vege- 
tables owe their acidity. But whenever a vegetable substance 
turns sour, after it has ceased to live, the acetous acid is developed 
by means of the acetous fermentation, in which the substance ad- 
vances a step towards its final decomposition. 

Amongst the various instances of acetous fermentation that of 
bread is usually classed. 

Caroline, But the fermentation of bread is produced by yeast; 
how does that effect it.^ 

J^rs. B, It is found by experience that any substance that has 
already undergone a fermentation, will readily excite it in one that 
is susceptible of that process. If, for instance, you mix a little vine- 
gar with wine, that is intended to be acidified, it will absofb oxygen 
more rapidly, and the process be completed much sooner, than if left 
to ferment spontaneously. Thus yeast, which is a product of the 
fermentation of beer, is used to excite and accelerate the fermenta- 

1203. How may the process of the vinous fermentation be ex- 
pressed in a few words. ^ 

1204. Why is the third fermentation called acetous? 

1205. Why is the contact of air necessary to produce the acetous 
fermentation ? 

1206. What is the reason that wine, or cidet, when corked tight 
does not turn to vinegar .' 

J 207. How is the fermentation of bread produced by yeast? 
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lion of malt, which is to he cooyerted into heer, as well as that of 
paste, which is to be made into bread. 

CaroHne, But if bread andergbes the acetous fermentation, why 
is it not soar ? 

Mrs. B. It acquires a certain saronr which corrects the heayj 
insipidity of flour, and may be reckoned a first deg^ree o^ acidifica- 
tion, or if the process were carried further, the bread would become 
decidedly acid. 

There are, however, some chemists who do not consider the fer- 
mentation of bread as being" of the acetous kind, bat suppose, that it 
is a process of fermentation peculiar to that substance. 

The putrid fermentation is the final operation of Nature and her 
last step towards reducing organized bodies to their simplest combi- 
nations. All regetables spontaneously undergo this fermentation 
$ifter death, prorided there be a sufficient degree of heat and mois- 
ture, together with access of air; for it is well known that dead 
plants may be preserved by drying, or by the total exclusion of air. 

Caroline. But do dead plants undergo the other fermentations 
prenous to this last ; or do they immediately suffer the putrid fer- 
mentation ? 

Mrt. B That depends on a yariety of circumstances, such as the 
degrees of temperature and of moisture, the nature of the plant itself, 
kc* But if you Were carefully to follow and examine the decompo- 
sition of plants from their death to their final dissolution, you would 
generally find a sweetness dereioped in the seeds, and a spiritposfla- 
ronr in the fruits (which have undergone the saccharine fermenta- 
tion,} preyions to the total disorganization and separation of the parts. 

Emily* 1 baye sometimes remarked a kind of spiritons taste in 
fruits that were over ripe, especially oranges, and this was just be- 
fore they became rotten. 

Mrs, B. It was then the yinous fermentation, which had succeed- 
ed the saccharine, and had yon followed up these changes attentiye- 
ly, you would probably have found the spiritous taste followed by 
acidity, previous to the fruit passing to the state of putrefaction. 

When the leaves fall from the trees in the autumn, they do not (if 
there is no great moisture in the atmosphere) immediately undergo 
a decomposition, hut are first^dried and withered; as soon, howey- 
er, as the rain sets in, fermentation commences, their gaseous pro- 
ducts are imperceptibly evolved into the atmosphere, and their fix- 
ed remains mixed with their kindred earth. 

Wood, when exposed to moisture, also undergoes the putrid fer- 
mentation, and becomes rotten. 

Emily, But I have heard that the dry rot^ which is so liable to de- 
stroy the beams of houses, is prevented by a current of air ; and yet 
you said that the air ivas essential to the putrid fermentation > 

Mrt. B Tree; but it must not be in such a proportion to the 
moisture as to dissolve the latter, and this is generally the case when 

1208. Why then is it not sour? 

1209. What is the final fermentation in reducing organized bodies 
to their simplest combinations ? 

1210. What is mentioned of orangef , and other oyer-ripe fruit, as 
illustrating the above principle of fermentation ? 

1211. What is ^aid of the fermentation of leayes ? 

1212. How may the dry rot be prevented ? 
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the rottiDgf of wood is preyented or stopped by the free access of air. 
What is commonly called dry rot, however, is not, I believe, a true 
process of putrefaction. It is supposed to depend on a peculiar kind 
of vegetation, which, by feeding on the wood gradually destroys it. 

Straw and all other kinds of vegetable matter undergo the putrid 
fermentation more rapidly when mixed with animal matter. Much 
heat is evolved during (his process, and a variety of volatile products 
are disengaged, as carbonic acid and hydrogen gas, the latter of 
which is frequently either sulphurated or phosphorated. When all 
these gases have been evolved, the fixed products, consisting of car- 
bon, small quantities of salts, potash, &c. form a kind of vegetable 
earth, which makes very fine manure, as it is composed of those ele- 
ments which form the immediate materials of plants. 

Caroline, Pray are not vegetables sometimes preserved from de- 
composition by petrifaction .'* I have seen very curious specimens of 
petrified vegetables, in which state they perfectly preserve their form 
and organization, though in appearance they are changed to stone. 

Ji/Irt, B, That is a kind of metamorphosis, which, now that you 
are tolerably well versed in the history of mineral and vegetable 
substances, I leave to your judgment to explain. Do you imagine 
that vegetables can be converted into stone ? 

Emily, No, certainly ; but they might, perhaps, be changed to a 
substance in appearance resembling stone. 

Jdrs, B. It is not so, however, with the substances that are call- 
ed petrified vegetables ; for these are really stone, and generally of 
the hardest kind, often consisting chiefly of silex. The case is this : 
when a vegetable is buried under water, or wet in earth, it is slow- 
ly and gradually decomposed. As each successive particle of the 
vegetable is destroyed, its place is supplied by a particle of silicious 
earth, conveyed thither b} the water. In the course of time the 
vegetable is entirely destroyed, but the silex has completelv repla- 
ced it, havine assumed its form and apparent texture, as if the ve- 
getable itself were changed to stone. 

Caroline. That is very curious ! and I suppose that petrified an- 
imal substances are of the same nature P 

Mn. B. Precisely. It is equally impossible for either animal or 
vegetable substances to be converted into stone. They may be re- 
duced, as we find they are, by decomposition, to their constituent 
elements, but cannot be changed to elements which do not enter 
into their composition. 



♦ Petrefactions are of two kinds, viz. nliceouf^ when flinty parti- 
cles take the place of the original substance, and calcareous^ where 
the substance appears to be changed to lime-stone. The first kind 
l^ives fire with steel, and the other efliervesces with acids. — C. 



1213. On what is the dry rot supposed to depend ? 

1214. Why will animal matter, mixed with straw and other veg. 
etable substances, hasten fermentation ? 

1315. W hat are vegetable petrifactions ? 

1216. How are vee^etable petrifactions formed ? ^ 

1217. How many Kindt of petrifactions are there ? 

12 1 8. Whalt are they calledy ana what are thetrpropertiet ? 

23* 



5870 DECOMPOSITION OF VBOETABLBS. 

There are, howerer, circamstances which frequently prerent the 
reg^ular and final decomposition of regetables: as for instance, when 
they are buried either in the sea or in the earth, where they caooot 
undergo the putrid fernientatioD jfor want of air. In these cases 
they are subject to a peculiar chaog^e, by which they are con? erted 
into a new class of compounds, called bitumens, 

Caroline* These are substances I never heard of before. 

Jdrs. B, You will find, however, that some of them are very fit- 
luiliar to you. Bitumens are vegetables so far decomposed as tore- 
tain no organic appearance ; but their origin is easily detected bj 
their oily nature, their combuBtibility, the products of their analy* 
sis, and the impression of the forms of leaves, grains, fibres of wood, 
and even of animals, which they^ frequently bear. 

They are sometimes of an oily, liquid consistence, as the sub- 
stance called napthay* in which we preserved potassium; it is a fine 
transparent, colorless fluid, that issues out of clays in some parts of 
Persia. But more frequently bitumens are solid, as asphaltumyt. 
smooth, hard, brittle substance, which easily melts, and forms, in its 
liquid state, a beautiful dark brown color for oil painting. My 
which is of a still harder texture, is a peculiar bitumen, susceptible 
of so fine a polish, that it is used for many ornamental purposes. 

Coal is also a bituminous substance, to the composition of which 
both the mineral and animal kingdoms seem to concur. This most 
useful mineral appears to consist chiefly of vegetable matter, mixed 
with the remains of marine animals and marine salts, and occasion- 
ally containing a quantity of sulphuret of iron, commonly called 
pyrites. 

Emily, It is, I suppose, the earthy, the metallic, and the saline 
parts of coals, that compose the cinders or fixed products of their 
combustion : whilst the hydrogen and carbon, which they derife 
from vegetables, constitute their volatile products. 

Caroline, Pray is not coke, (which I have heard is much used in 
some manufactures,] also a bituminous substance ? 

Mrs, B, No ; it is a kind of fuel artificially prepared frOn coals. 
It consists of coals reduced to a substance analogous to charcoal bj 
the evaporation of their bituminous parts. Coke, therefore, is com- 
posed of carbon, with some earthy and saline ingredients. 

Succin, or yellow amber, is a bitumen which the ancients called 
eleclrum, from whence the word electricity is derived, as that sub- 
stance is peculjarly, and was once supposed to be exclusively, elec- 
tric. It is found either deeply buried in the bowels of the earth, or 



* Naptha appears to be the only fluid in which Qxygen does not ex- 
ist ; hence its property of preserving potassium which has so strong 
an affinity for oxygen as to absorb it from all other fluids. It boir- 
ever loses this property by exposure to the atmosphere, probably, 
because it absorbs a small quantity of air, or moisture. It is agaio 
restored by distillation. — ^C. 

1219. What are bitumen^, and how are they formed ^ 

1220. What is asphaltum ? 
1421. What is jet ? 

1222. What is coal ? 

1223. How does coke differ from coal ? 

1224. What is yellow amber ? 
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floatiDgf oo the sea, and it supposed to be a resinoas bodf which has 
been acted on by sulphuric acid, as its analysis shows it to consist 
of an oil^d an acid. The oil is called oil of amber: the acid the 
suecinnic. 

Emily, That oil I hare sometimes used in painting, as it is reck- 
oned to change less than the other kinds of oil. 

Mrs, B, The hast class of vegpetable substances that have change- 
ed their nature ^Tefottil-woodf peat, and turf These are compos- 
ed of wood and roots of shrubs, that are partly decomposed by bein|^ 
exposed to moisture under ground, and yet in some measure, pre- 
serve their form and organic appearance. The peat, or black earth 
of the moors, retains but few vestiges of the roots to which it owes 
its richness and combastibility, these substances being in the course 
of time, reduced to the state of vegetable earth. But in turf the 
roots of plants are still di6cernible, and it equally answers the pur- 
pose of fuel. It is the combustible used by the poor in heathy 
countries, which supply it abundantly. 

It is too late this morning to enter into the history of vegetation. 
We shall reserve this subject, therefore, to our next interview, 
when I expect that it will furnish us with ample matter for another 
conversation. 



CONVERSATION XXII. 

HISTORY OF VEGETATION. 

Mrs, B, The vegetable kingdom may be considered as the link 
which unites the mineral and animal creation into one common 
chain of beings ; for it is through the means of vegetation alone that 
mineral substances are introduced into the animal system ; since, 
generally speaking, it is from vegetables that all animals ultimate- 
ly derive their sustenance. 

Caroline, 1 do not understand that ; the human species subsist 
as much on animal as on vegetable food. 

JIfrff. B. That is true ; but you do not consider that those that 
live on animal food, derive their sustenance equally, though not so 
immediately, from vegetables. The meat which we eat is formed 
from the herbs of the field, and the prey of carniverous animals pro- 
ceeds either directly or indirectly from the same source. It is, 
therefore, through this channel, that the simple elements become a 
part of the animal frame. We should in vain attempt to derive 
nourishment from carbon, hydrogen, and oxygen, either in their 
separate state or combined in the mineral kingdom ; for it is only 

1225. Where is it found? 

IS26. What are fossil-wood, peat and turf? 

1227. Why does naptha preserve potassium ? 

1228. What is considered as uniting the mineral and animal 
creation ? 

1229. From whence do all animals derive their sustenance ? 
1290. In what state are carbon, hydrogen, and oxygen capable 

of affording nourishment ? 



878 VB6BTATI0N, 

by b%\ug united in the form of vegetable combioatioD that they be- 
come capable of coDveying nourishroeDt. 

Emily. Vegetatipn, then, seems to be the method which Nature 
employs to prepare the food of animals ? 

Mn, B. That is certainly its principal object. The yegetable 
creation does not exhibit more wisdom m that admirable system of 
orgranization, by which it is enabled to answer its own immediate 
ends of preservation, nutrition and propagation, than in its ^raod 
and ultimate object of forming^ those arrangements and combioa- 
tions of principles, which are so well adapted for the nourishment 
of animals. 

Emili/. But I am very curious to know whence veg^etables ob- 
tain those principles which form their immediate materials ? 

Mrs, B. This is a point on which we are yet so much in the dark 
that I cannot hope fully to satisfy your curiosity ; but what little 1 
know on this subject, I shall endeavor to explain to you. 

The toil which at first view, appears to be the element of vegeta- 
bles, is found on a closer investigation, to be little more than the 
channel through which they receive their nourishment; so that it is 
yery possible to rear plants without any earth or soil.'* 

* The opinion that water is the only food of plants, was adopted by 
the learned on this subject in the 17th century; and many experi- 
ments were made which seemed to prove that this was the truth. 
Among others was a famous one by Van Helmout, which for a long 
time was supposed to have established the point beyond all doubt 
He planted a willow which weighed five pounds, in an earthen ves- 
sel containing 2001bs. of dried earth. This vessel was sunk mto 
the ground, and the tree was watered, sometimes with distilled, and 
sometimes with rain water. 

At the eqd of five years the willow weighed 169 lbs. ; and oo 
weighing the soil, dried as before, it was found to have lost only two 
ounces. Thus the willow bad gained 154 lbs., and yet its food tod 
been only water. The induction from this experiment was obvioiis. 
Plants live on pure water. This, therefore, was the general opinioo 
until the progress of chemistry detected its fallacy. Bergtnan, in 
1763, showed by some experiments, that the water which Van H^ 
mout had used, contained as much earth as could exist in the tree 
at the end of the five years ; a pound of water contained about a 
grain of earth. So that this experiment by no means preyed that 
the willow lived on water alone. Since this time a great yariety of 
experiments have been made for the purpose of deciding what wai 
the food of plants. In the course of these it has been found, tliat 
although seeds do vegetate in pure distilled water, yet the plant is 
weakly and finally dies before the fruit is matured. 

It is pretty certain, then, that earth is absolutely necestary totbe 
growth of plants, and that a part of their food is taken from the soiL 
Indeed, the well known fact that a soil is worn ou< by a long suocet- 

123 1 . Do vegetables receive their chief aliment from the soil in 
which they grow ? 

1232. fVhai expenmeni was made by Hehnauttoaseertamihe i 
ishmeni of vegetables ? 

] 233. Tiniat will be the condition of plants in pure waUr en^y f 
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Caroline, Of that we have an inttancein the hjracinth and other 
bnlbons roots, which will ffrow and blossom beaatifullj in rianes of 
water. But 1 coofess I should think it would be difficult to rear 
trees in a similar manner. 

Jdrs. B, No doubt it would, aait is the burytng* of the roots in 
the earth that supports the stem of the tree. But this office, besides 
that of affording a vehicle for food, is far the most important nart 
which the earthy portion of the soil performs in the process or re- 
getation ; for we can discover bj analysis, but an extremely small 
proportion of earth in vegetable compounds. 

Caroline* But if earths do not afford nourishment, why it it na* 
cessary to be so attentive to the preparation of the soH f 

Jirt. B. In order to impart to it those qualities which render it 
a proper vehicle for the food of the plant. Water is the chief nour- 
ishment of vegetables ; if, tlierefore the soil be too sandy, it will not 
retain a quantity of water sufficient to supply the roots of the plants. 
If, on the contrary, it abounds too much with clay, the water will 
lodge in such quantities as to threaten a decomposition of the roots. 
Calcareous soils are, upon the whole, the most favourable to the 
growth of plants: soils are, therefore, usually improved by chalk, 
which you may recollect, is carbonat of lime. Different vegetables 
however, require different kinds of soils. Thus, rice demands a 
roost retentive soil ; potatoes, a soft sandy soil ;. wheat, a firm and 
rich soil. Forest trees grow better in fine sand, than in astiff clay ; 
and a light ferruginous soil is best suited to fruit trees. 

Caroline, But pray what is the use of manuring the soil ? 

Jiire, B. Manure consists of all kinds of substances whether of 
vegetable or animal origin, which have undergone the putrid fer- 

sion of crops, and finally becomes steril unless manured, is good 
proof that plants do absorb soroethhig from it. 

Saussure has shown that this is the fact, and also that the earth, 
which is always found in plants, is of the same kind, as that on 
which they grow. Thus trees growing in a granitic soil, contain a 
large proportion of silica, while those growing in calcareous soil, 
contam little silica, but a great proportion of calcareous earth. 

In addition to what plants absorb from the ground, there is no 
doubt but they obtam a part of their nourishment from water and 
air. Some experiments made at Berlin, show that wheat, barley, 
&c. contain a quantity of earth though fed only on distilled water. 

From the air, plants absorb carbonic acid gas. The carbon they 
retain, which forms the greatest part of their bulk. The oxygen it 
emitted, and goes to purify the atmosphere. 

Thus it is seen that plants obtain their food from the earth, from 
water, and from the air. — C. 



1234. Whatfacli did Sautsure discover relating to this subject ? 

1235. Whence do plants derive their food ? 

1236. If earths do not afford nourishment, why is it necessary to 
be so particular in enriching the soil ? 

1237. What is the nourishment of vegetables ? 

1238. What is the consequence to vegetables if the toil is too 
tandy ? 

1239. What if it abounds too much with clay ? 
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mentaUon, and are consequently decomposed, or nearly so, into 
their elementary principles. And it is requisite that these vcgeto- 
ble matters should be in a state of decay or, approaching decompo- 
sition. The addition of calcareous earth, in the state of chalk or 
lime, IS beneficial to such soils, as it accelerates the dissolution of 
vegetable bodies. Now I ask you, what is the utility of supplying 
the soil With these decomposed substances ? 

Caroline. It is, I suppose, in order to furnish vegetables with the 
principles which enter into their composition. For manures not 
only contain carbon, hydrogen and oxygen, but by their decompo- 
sition supply the soil with these principles in their elementary form.* 

Mrs. B. Undoubtedly ; and it is for this reason that the finest 
crops are produced in fields that were formerly covered with woods, 
because their soil is composed of a rich mould, a kind of vegetable 
earth which abounds in those principles. 

. Emay. This accounts for the plentifulness of the crops produced 
^^itkTwood' ^ ^^^ country was, but a few years since, covered 

^^'o^ine. But how is it that animal substances are reckoned to 
fiT * ^iP^i^ ^®^* manure ? Does it not appear much more natural 
mat the decomposed elements of vegetables should be the mostap- 
propriate to the formation of new vegetables ? 

Mrs. B. The addition of a much greater proportion of nitrogen, 
which constitutes the chief difference between animal and vegeta- 
bie matter, renders the composition of the former more complicate^ 
and consequently more favourable to decomposition. ^ 

indeed the use of animal substance is chiefly to give the first im- 
pulse to the fermentation of the vegetable ingredients that enter io- 
Jw ^ composition of manures. The manure of a farm yard is of 
tnat description ; but there is scarcely any substance susceptible of 
undergoing the putrid fermentation, that will make good manare. 
The heat produced by the fermentation of manure is another cir- 
cumstance which 18 extremely favourable to vegetation ; yet this 
beat would be too great if the manure was laid on the ground dor- 
ing the height of fermentation ; it is used in this state only for hot- 
beds to produce melons, cucumbers, and such vegetables as require 
a very high temperature. 

irn^^Th^*"^: ^<^'fficulty has just occurred to me which I do not 
Know now to remove. Since all organized bodies are, in the com- 
♦w^.'JJr °^ ''^^"T* ultimately reduced to their elementary state, 
fnrlf^o? S"^''^''??*^^'.''.^*'^* «^^*« enrich the soil, and afford food 
^m^tl .^""V^'^' *'*^°' ^*^^t agriculture, which cannot in- 

crease the quantity of those elements that are required to manure 
Iht !f • ''^f increase its produce so wonderfully, as is found to be 
thecase in all cultivated countries? 

foTv'Igel^^^^^^^ ^^''' '^ " ^^'^'^ ^ ^^^ ^*^'^^ '^^"^^^ 
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1240. What is the use of decomposed substances as is found io 
manure P 

1241. Why are the best crops produced on new lands, or where 
they were recently covered with wood ? 

1242. Why do animal substances make the best manure ? 
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Mrs. B. It is by suffering^ none of these decay ingf bodies to be 
dispersed and wasted, but io applying- them duly to the soil. It is 
also by a judicious preparation of the soil, which consists in fitting* 
it either for the general purposes of vegetation, or for that of the 
particular seed which is to be sown. Thus, if the soil be too wet, it 
may be drained ; if too loose and sandy it may be rendered more 
consistent and retentive of water by the addition of clay or loam $ 
it may be enriched by chalk, or any kind of calcareous earth. On 
soils thus improved, manures will act with double efficacy ; and if 
attention be paid to spread them on the ground at a proper season 
of the year, to mix them with the soil, so that they may be general- 
ly diffused through it, to destroy the weeds which might appropri- 
ate these nutritive principles to their own u^e, to remove the stones 
which would impede the growth of the plant, we may obtain a pro- 
duce an hundred fold more abundant than the earth would spon- 
taneously supply. 

Emily. We have a very striking instance of this in the scanty 
produce of uncultivated commons, compared to the rich crops of 
meadows which are occasionally manured. 

Caroline, But, Mrs. B., though experience daily proves the ad- 
vantages of cultivation, there is still a difficulty which I cannot get 
over. A certain quantity of elementary principles exist in nature, 
which it is not in the power of man either to augment or diminish. 
Of these principles you have taught us that both the animal and ve- 
getable creation are composed. Now the more of them is taken 
up by the vegetable kingdom, the less it would seem will remain 
for animals ; and therefore the more populous the earth becomes, 
the less it will produce. 

Mrs. B. Your reasoning is very plausible ; but experience ev- 
ery where contradicts the inference you- would draw from it; since 
we find that the animal and vegetable kingdoms instead of thriving 
as you would suppose, at each other's expense, always increase 
and multiply together. For you should recollect that animals can 
derive the elements of which they are formed only through the me- 
dium of vegetables. And you must allow that vour conclusion 
would be valid only if every particle of the several principles that 
could possibly be spared from other purposes, were employed in 
the animal and vegetable creations. No^v we have reason to be- 
lieve that a mucTi greater proportion of these principles than is re- 
quired for such purposes, remains either in an elementary state, or 
engaged in a less useful mode of combination in the mineral king- 
dom. Possesssed of such immense resources as the atmosphere and 
the waters afford us, for oxygen, hydrogen and qarbon, so far from 
being in danger of working up all our simple materiah, we cannot 
suppose that we shall ever bring agriculture to such a degree of per- 
fection as to require the whole of what these resources could supply. 

Nature, however, in thus furnishing us with an inexhaustible stock 

1243. How is it that agriculture, which cannot increase the 
quantity of those elements that are required to manure the earth, 
so greatly increases its vegetable products ? 

1244. Of what are the vegetable and animal creation composed ? 

1245. What objection is made to the principle stated for the in- 
crease of vegetable productions ? 

1246* How is this objection answered ? 
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of raw materials, leares it in aorne measure to the ing^eoaity of man 
to appropriate them to his ovro purposes. But, like a kind parent 
she stimulates htm to exertioo, by setting the example, and point- 
ing out the way. For it is on the operations of nam re tha^all the 
improTements of art are founded. The art of agriculture consists, 
therefore, in discovering the readiest method of obtaining the seve- 
ral principles, either from their grand sources, air and water, or 
from the decomposition of organized bodies ; and in appropriating 
them in the best manner to the purposes of vegetation. 

Emily. But, among the sources of nutritive principles, I am sur- 
prised that you do not mention the earth itself, as it contains abun- 
dance of coals, which are chiefly composed of carbon. 

Jdrt. B. Though coals abound in carbon, they cannot on ac- 
count of their hardness and impermeable texture, be immediately 
subservient to the purposes of vegetation ; and, we find, on the con* 
trary, that coal districts are generally barren. 

Emily . No ; but by their combustion, carbonic acid is produced; 
and this entering into various combinations on the surface of the 
earth, may, perhaps, assist in promoting vegetation. 

Mrt. B. Probably it may in some degree ; but at any rate, the 
quantity of nourishment which vegetables may derive from that 
source can be but very trifling, and must entirely depend on local 
circumstances. 

Caroline, Perhaps the smoky atmosphere of London is the canst 
of vegetation being so forward and so rich in its vicinity? 

Jlfr«. B. I rather believe that this circumstance proceeds from the 
very ample supply of manure, assisted, perhaps, by the warmth and 
shelter, which the town affords. Far from attributmg any good loth* 
smoky atmosphere of London, I confess I like to anticipate the time 
when we shall have made such progress in the art of managing com- 
bustion that every particle of carbon will be consumed, and the 
smoke destroyed at the moment of its production. We may ihen 
expect to have the satisfaction of seeing the atmosphere of Lii9ndoB 
as clear as that of the country. But to return tooursubject : I hope 
that ;fou are now convinced that we shall not easily experience a 
deficiency of nutritive elements to fertilize the earth, and that pro- 
vided we are but industrious in applying them to the best advan- 
tage by improving the art of agriculture, no limits can be ass^^ned 
to the fruits that we may expect to reap from our labours. 

Caroline, Ves : I am perfectly satisfied m that respect, and I can 
assure you that I feel already much more interested in the progress 
and improvement of agriculture. • 

Emily. I have frequently thought that the culture of the land was 
not considered as a concern of sufficient importance. Manufactures 
always take the lead ; and health and innocence are frequently sa- 
crificed to the prospect of a more profitable employment. It has 
often grieved me to see the poor manufacturers crowded together 

1247. In what does the art of agriculture consist ? 

1248. Why cannot coals be immediately subservient to the pur- 
poses of vegetation ? j 

1249. Is there any occasion to apprehend a deficiency of niitH- 
tive elements to fertilize the earth .? 

1250. What objection is made to manufactures ? 
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in close rooms, and confieed for the whole day (o the most oniform 
and sedentary employment, instead of bein^ eng^ed in that inno- 
cent and salutary kind of labour, which Nature seems to hare as- 
signed to man for the immediate acquirement of comfort, and for 
the preservation of his existence. 1 km sure that you ag^ree with 
me in thinking so, Mrs. B. 

Jirs. B. I am entirely of your opinion, my dear, in regard to the 
importance of agriculture; but as the conveniences of life, which 
we are all enjoying, are not derived merely from the soil, I am far 
from wishing to depreciate manufactures. Besides, as the labour of 
one man is sufficient to produce|food for several, those whose in> 
dustry is not required in tillage must do something in return for the 
food that is provided for them. They exchange, consequently, the 
accommodations for the necessaries of life. Thus the carpenter and 
the weaver lodge and clothe the peasant, who supplies them with 
their daily bread. The greater slock of provisions, therefore, which 
the husbandman produces, the greater is the quantity of accommo- 
dation which the artificer prepares. Such are the happy effects 
which naturally result from civilized society. It would be wiser, 
therefore, to endeavour to improve the situation of those who are 
engaged in manufactures, than to indulge in vain declamations on 
the hardships to which they are too frequently exposed. 

But we must not yet take our leave of the subject of agriculture ; 
we have prepared the soil, it remains for us now to sow the seed. — 
In this operation, we must be cafeful not to bury it too deep in the 
ground, as the access of air is absolutely necessary to its germina- 
tion ; the earth must, therefore, lie loose and light over it, in order 
that the air may penetrate. Hence the use of ploughinjpf and dig- 
ging, harrowing and raking, &c. A certain aegree of beat and 
moisture, such as usually takes place in the spring, is likewise ne- 
cessary. 

Caroline, One would imagine you were going to describe the 
decomposition of an old plant, rather than the formation of a new 
one; for you have enumerated all the requisites of fermentation. 

Mrt. B. Do you forget, my dear, that the young plant derives its 
existence from the destruction of the seed, and that it is actually by 
the saccharine fermentation that the latter is decomposed i* 

Caroline. True ; 1 wonder that I did not recollect tnat. The tem- 
perature and moisture required for the germination of the seed is 
then employed in producing the saccharine fermentation within it ? 

J^n. o. Certainly. But, in order to understand the nature of 
gemination, you should be acquainted with the different parts of 
which the se^ is composed. The external covering or envelope 
contains, besides the germ of the future plant, the substance which 
is to constitute its first nourishment ; this substance, which is called 
ihe parenchymay consists of fecula, mucilage, and oil, as we former- 
ly observed. 

1251. For how many persons can one man, in agricultural la- 
bour, produce food? 

1252. Why is this a reason for encouraging manufactures ? 

1253. What is the use of ploughing, digging, harrowing, raking. 
Ice., in agriculture? 
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Tbe teed is generatty di^kM into two oompartaients, called lo6«r, 
or cotyledcm^ as is exemplified by this bean, (Fig;. 36,)— tbe dark 
(Fig. 36.) coloured kind of strii^ which divides tbe lobes is 
called tbe rodUlt^ as it fomis the root of tbe plant, 
and it is from a cootiguous substance, called p/u- 
mula^ which is enclosed within the lobes, that the 
stem arises. — Tbe figure and size of the seed depend 
very much open the cotyledons; these vary in nam* 
her in different qeeds; some have only one, as 
wheat, oats, barley, and all the grasses ; some have 
three, others six. But most seeds, as for instance, all the varieties 
of beans, have two cotyledons. When the seed is buried in the 
earth, at any temperature above 40 degrees, it imbibes water, which 
softens and swells tbe lobes; it then aiDsorbs oxygen, which com- 
bines with some of its carbon, and is returned m the form of car- 
bonic acid. This loss of carbon increases tbe comparative propor- 
tion of hydrogen aod oxygen in seed, and excites the saccharine 
fermentation by which the parenchymatious matter is converted into 
a kmd of sweet emulsion. In this form it is carried mto tbe radicle 
by vessels appropriated to that purpose; and in the meantime, the 
fermentation having caused the seed to burst, the cotyledons are 
rent asunder, tlie radicle strikes into the ground and fciecomes the 
root of the plant, and hence (he fermented liquid is conveyed to the 
plumula, whose vessels have been previously distended by the heat 
of the fermentation. The plumula being thus swelled, as it were, 
by the emulsive fluid, raises itself and springs up to the surface ii 
tbe earth, bearing with it the cotyledons, which, as soon as they 
come in contact with the air, spread themselves, and are transform- 
ed into leaves. — If we ^o into the garden, we shall probably find 
some seeds in the state m which 1 li^ve described. 

Emily. Here are some little lupines that are just making their 
appearance above ground. 

JIfrf. B. We shall take up several of them to observe their diffe- 
rent degrees of progress in vegetation. Here is one that has but 
recently burst its envelope-^o you see the little radicle striking 
downwards? (Fig. 37, No. 1.) In this tbe plumula is not yet visi- 
ble. But here is another in a greater state of forwardness— the 
plnmula, or stem, has risen out of the ground, and tbe cotyle^loos 
are converted into seed-leaves. (Fig. 37, No. 2.) 

Caroline. These leaves are very Uiick aod clumsy, and, unlike 
the other leaves, which I perceive are just beginning to appear. 

JIfrt. B. It is because (bey retain the remains or the parenchyma, 
with which they still continue to nourish the young plant, as it has 
not yet sufficient roots and strength to provide for its sustinence 
from the soil.' But, in this third lupine, (Fig. 37« No. 3.) tbe radide 
had sunk deep into tbe earth, and sent out several shoots, each of 

1254. What part of the seed is called (Xttyledons? 
1356. What part is called radicle? 

1256. What part is called plumula ? 

1257. At wbat temperature will seeds germinate ? 

1258. How would you describe the process of gemiiiMLtioQ .in 
seeds? 

1259. What do Nos. 1 and 2 of Fig. 37, represent? 

1260. What does No. 3, in Fig. 37, represent? 
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which it famished wi4h amouth 
to suck up noarisbment from 
the soil ; the fuDction of the 
oririnal lemves,.therefore, he* 
iDg^ DO long'er required, they 
are g^radually decaying, and 
the plumola is become a regu- 
lar stem, shooting^ out small 
branches^ and spreading its 
foliage. 

ESnily. There seems to be a 
very striking analogy between 
a seed and an e%f^\ both require 
an elevation of temperature to 
be brought to life ; both at first 
supply with aliment the organ- 
ized being which they pro- 
duce ; and as this has attained 
sufficient strength to procure 
its own nourishment, the egfg- 
shell breaks whilst in the plant 
the seed leaves fall off. 

Mrs, B* There is certainly 
some resemblance between 
these processes; and when 
Fif.s6«ndS7, No. 1. A B.cohrUdon. c, eb-jqu bccome acquainted with 
reiep^ D. Radick. Tir- 37. No. 5 A B, Cotji-animalchemistr^ you will fire- 

dons. C, Plamult. D, lUdicli. Pir 37, No. 3, ^^ "^ V. •j.l •* 

A B, Cotyledon. C, Plomnl*. D, Radiek. qUCntly DO StrUCK With itS 

analogy to that of the vegeta- 
ble kingdom. 

As soon as the youn^ plant feeds from the soil, it requires the as- 
sistance of leaves, which are the org^s by which it throws off its 
taper-abundant flaid ; this secretion is much more plentiful in the 
vegetable than in the animal creation, and the great extent of sur* 
fece of the foliage of plants is admirably calculated for carnring it 
on in sufficient quantities. This transpired fluid consists of little 
more than water. The sap, by this process, is converted into a 
liquid of greater consistence, which is fit to be assimilated to its 
several parts. 

Emily. Vegetation, then, must be essentially injured by destroy- 
ing tbe leaves of the plant. 

Mrs, B. Undoubtedly ; it not only diminishes the transpiration, 
but also the absorption b^ the roots ; for tbe quantity of sap ab- 
sorbed is always in proportion to the quantity of fluid thrown off by 
transpiration. You see, therefore, the necessity that a young plant 
should unfold its leaves as soon as it begins to derive its nourish- 
ment from the soil ; and,^ accordingly , vou will find that those 
Inpines which have dropped their seed-leaves, and are no longer 




1261. What purposes do the leaves^ of vegetables answer during 
their growth ? 

1^2. What will be the injury to vegetation if the leaves are de- 
stroyed ? 
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fed by the parenchyma, hare spread their foliage, in order to per- 
form the office juBt described. 

But I should inform you that this function of transpiration seems 
to be confined to the upper surface of the leares, whilst on the coo- 
trary, the lower surface, which is more rough and uneven, and far- 
nished with a kind of hair or down, is destined to absorb moisture, 
or such other ingredients as the plant derives from the atmosphere. 

As soon as a young plant makes its appearance above ground, 
light, as well as air, becomes necessary to its preservation. Light 
is essential to the developement of the colours, and to the thriving 
of the plant. You may have often observed what a predilection 
vegetables had for the light. If you make any plants grow in a 
room, they all spread their leaves and extend their branches to- 
wards the windows. 

Caroline* And many plants close up their flowers as soon as it is 
dark. - 

EmUy. But may not this be owing to the cold and dampness of 
the evening air i* 

Mr$, B. That does not appear to be the case ; for in a course of 
curious experiments, made by Mr. Senebier of Geneva, on plants 
which he reared by lamp-light, he found that the flowers closed 
their petals whenever the lamps were extinguished. 

Emily, But, pray, why is air essential to vegetation } Plants do 
not breathe it like animals. 

Mrs, B. At least not in the same manner ; but they certainly 
derive some principles from the atmosphere, and yield others to it 
Indeed, it is chiefly owing to the action of the atmosphere, and the 
vegetable kingdom on each other, that the air continues always fit 
for respiration. But you will understand this better when I have 
explained the effect of water on plants. 

I have said that water forms the chief nourishment of plants; it 
is the basis not only of the sap, but of all the vegetable juices. Wa- 
ter is the vehicle which carries into the plant the various salts and 
other ingredients required for the formation and support of the vege- 
table system. Nor is this all : part of the water itself is decomposed 
by the organs of the plant; the hydrogen becomes a constituent part 
gf oil, of extract, of colouring matter, &c., whilst a portiort of the 
oxygen enters into the formation of mucilage, of fecula, of sugar, 
and of vegetable acids. But the greater part of the oxgen pro- 
ceeding from the decomposition of the water is converted into a gase- 
ous state by the caloric disengaged from the hydrogen daring its 
condensation in the formation of the vegetable materials. In this 
state the oxygen is transpired by the leaves of plants when exposed 
to the sun's rays. Thus you find that the decomposition of water, 
by the organs of the plant, is not only a means of supplying it with 
its chief ingredient, hydrogen, but at the same time of replenishinr 
the atmosphere with oxygen, a principle^ which requires continual 
renovation, to make up for the great consumption of it occasioned 

1263. How does the under side of leaves differ from the upper 
side .' 

1264. Of what use is light in the growth of vegetables ? 
1266. Of what use is air in vegetation? 

1266. How are the various salts and other ingredients required 
for the formation and support of the vegetable system carried into 



by tbe numerous oxyfeoattont, combostiont, aod retpiratioDt, tbat 
are coostantly taking place oo tbe surface of the globe.* 

Emily. Wbat a striking instance of the harmony of nature ! 

Mrs* B. And how admirable the design of rroFideoce, who 
oiakes erery different part of the creation thus contribute to the 
support and renoration of each other ! 

but the intercourse of the vegetable and animal kingdoms, 
through the medium of the atmosphere extends stili further. Ani- 
malsy in breathing, not only consume tbe oxygen of the air, but load 
it with carbonic acid, which, if accumulated in the atmosphere, 
would, in a short time, render it totally unfit for respiration. Here 
the vegetable kingdom again interferes; it attracts and decomposes 
the carbonic acid, retains the carbon for its own purposes, and re- 
turns tbe oxygen for ours.f 

CaroHne. How interesting this is ! I do not know a more beauti- 
ful illustration of the wisdom which is displayed in the laws of na- 
ture. 

Mr$* B, Faint and imperfect as are the ideas which our limited 
perceptions enable us to form of divine wisdom, still they cannot 
fail to inspire us with awe and admiration. What then, would be 
our feelings, were the complete sj stem of nature at once displayed 
before us ! So magnificent a scene would probably be too great for 
our limited comprehension ; and it is, no doubt, among the wise dis- 

* The foregoing paragraph might mislead the student. Indeed it 
seems to have been written without regard to proper authorities. 
For instance, there is no proof that water is decomposed by the or- 
gans of plants ; nor is it in tbe least degree probable that tbe oxy- 
gen emitted by them owes its gaseous state, to the caloric set free 
by tbe condensation of hydrogen. Authors en this subject agree 
tmLt the thickest veil covers the prooeses by which the sap is con- 
verted into the several parts of the plant But it has been demon- 
strate, that most, if not all the oxygen emitted by the leaves, is 
obtained by the decomposition of air, instead of water, as here stated. 
If leaves are exposed to the rays of the sun, while under common 
water, they emit oxygen. But if the water is first deprived of its 
air, by an air pump, or by boiling, not a (wrticle of oxygen is emit- 
ted. Now, atmospheric air, always contains a quantity of carbonic 
acid gas, sind experiments show, that plants give out oxygen in 
some proportion to the quantity of this gas contained in the water. 
Tbe net them seems to be, that plants absorb carbonic acid, that 
this is decomposed by some unknown process; the plant retaining 
tbe carbon, wbHe tbe oxygen is given out. — C. 

fit is a curious fact, demonstrated by experiments, that the 
leaves of plants perform different offices at different periods of tbe 
24 hours. During tbe day they give out water, absorb carbonic 
acid, and emit oxygen gas; but during the nieht they absorb wa- 
ter, and oxygen gas, aiMl give out carbonic acid — C. 

12Q7. How do animal and vegetable life mutually support each 
other } 

1268. W\t^ewiomfadu»kMLrfih€lmmofv%gMbletin(he 

1269. Wbat in tbe orfanisatkm of natare is particularly suited to 
tbe rational powers of man i 

24* 
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peontioo of ProvideDce, to Teil the splendoor of m glorj with whicii 
we should be overpowered. Bat it is well suited to a rational beinf^ 
to explore step by step, the works of the creatioD, to endeavor to 
connect them into harmonious systems; and, in a word, to trace, in 
the chain of beings, the kindred ties and benevolent design which 
unites its various links, and secures its preservation. 

Caroline. But of what nature are the org^ans of plants which are 
endued with such wonderful powers f 

Mrs. B. They are so minute that their structare, as well as the 
mode in which they perform their functions, generally elude our ex- 
amination ; but we may consider them as so many vessels or appa- 
ratus appropriated to perform, with the assistance of the principle 
of life, certain chemical processes, by means of which these vegeta- 
ble compounds are generated. We may, however, trace the tannin, 
resins, gums, mucilag^ and some other vegetable materials, in tiie 
organized arrangemeot of plants, in which they form the bark, the 
wood, the leaves, flowers, and secMis. 

The bark is composed of the epidermitf the parenchyma^ and the 
cortical layers. 

The epidermis is the external covering of the plant It is a thio 
transparent membrane, consisting of a number of slender fibres, 
crossmg each other, and forming a kind of net work. When of a 
white glossy nature, as in several species of trees, in the stems of 
com and of seeds, it is composed of a thio coating of siliceous earth, 
which accounts for the strength and hardness of those long and slen- 
der stems. Sir H. Davy was led to the discovery of the siliceoos 
nature of the epidermis of such plants, by observing the singular 
phenomenon of sparks of fire emitted by the collision of ratan canei 
with which two boys were fighting in a dark room. On analysing the 
epidermis of the cane, he found it to be almost entirely siliceous.* 

Caroline. With iron, then, a cane I suppose, will strike fire very 
easily f 

Mrs. B, I understand that it will. — In evergreens the epidermis 
is mostly resiobus, and in some few plants is formed of wax. The 
resin, from its want of affinity for water, tends to preseve the plant 
from the destructive effects of violent rains, severe climates, or in- 
clement seasons, to which this species of vegetables is peculiarly 
exposed. 

Emily. Resin must preserve wood just like a varnish, as it is die 
essential ingredient of varnishes. 

Mrs. B. Yes; and by this means it prevents, likewise, all unne- 
cessary expenditure of moisture. 

The parenchyma is immediately beneath the epidermis ; it is that 

* In the scouring rush, [Eouisetum hyemale) tlie siliceous epider- 
mis is still more obvious. It drawn across a piece of soft metal, as 
silver or copper, it cuts it like a file. It even makes an impression 
on the hardest steel. — C. 

1270. Of what is bark composed f 

1271. What is the epidermis? 

1272. In what manner was Sir H. Davy led to discover the lili- 
eeous nature of the epidermis of particular plants ? 

1273. How does resin tend to preserve the plant? 

1274. What is the parenchyma? 
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gpreen ritid which appears when you strip a branch of any tree or 
shrub of its external coat of bark. The parenchyma is not confin- 
ed to the stem or branches, but extends oFer every part of the plant. 
It forms the green matter of the leaves, and is composed of tubes 
filled with a peculiar juice. 

The cortical layers are immediately in contact with the wood ; 
they abound with tannin and gallic acid, and consist of small vessels 
through which the sap descends after being elaborated in the leaves. 
The cortical layers are annually renewed, the old bark being con^ 
verted into wood. 

Mrs. B. That function is performed by the tubes of the alber- 
num or wood, which is immediately beneath the cortical layers. The 
wood is composed of woody fibre, muci^ge and resin. The fibres 
are disposed in two ways : some of them longitudinally, and these 
fi^rm what is called the silver grain of the wood. The others which 
are concentric, are called the spurious gprain. These last are dispos- 
ed in layers, from the number of which the age of the tree may be 
computed, a new one being produced annually by the conversion of 
the bark into wood. The oldest, and consequently most internal part 
of the albernum, is called heart wood ; it appears to be dead, at least 
no vital functions are discernible in it. It is through the tubes of 
the living albernum that the sap rises. These therefore, spread into 
the leaves, and there communicate with the extremities of the ves- 
sels of the cortical layers, into which they pour their contents. 

Caroline^ Of what use, then, are the tubes of the parenchyma, 
since neither the ascending nor descendiog sap passes through them? 

Jitrs, B. They are supposed to perform the important function of 
secreting firom the sap the peculiar juices from which the plant 
more immediately derives its nourishment. These juices are very 
conspicuous, as the vessels which contain them are much larger 
than those through which the sap circulates. The peculiar juices 
of plants differ much in their nature, not only in different species 
of vegetables, but frequently indifferent parts of the same individual 
plant; they are sometimes saccharine, as in the sugar-cane, some- 
times resinous as in firs and evergreens, sometimes of a milky ap- 
pearance, as in the laurel. 

Emily » I have often observed, that in breaking a young shoot, or 
in bruising a leaf of laurel, a milky juice will ooze out in great 
abundance. 

Jdrs» B. And it is by making incisions in the bark, that pitch, tar, 
and terpentine* are obtained from fir-trees. The durability of this, 
species of wood is chiefly owing to the resinous nature of its peculiar 

" Turpentine is obtained as described in the text. But tar and 
pitch are obtained by a very different method. A conical cavity is 
dug in the earth, at the bottom of which is placed a reservoir. Over 
this is piled billets of fir-wood, forming a large pile. The pile is 
covered with turf to smother the fire which is kindled at the top. As 
the wood is heated, and gradually converted intocharcoal, the tar is 

1275. Through what does the sap ascend ? 

1276. Of what is the wood composed.^ 
1377. How are the fibres disposed ? 

1278. Of what use are the tubes of the parenchyma? 

1279. How may pitch, tar, and turpentine be obtained? 
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juictft. The TolttUe oik hare, in a great meaiare, the tame praierr- 
atire effectt« as they defeod the parts with which they are conaact- 
ed, from the attack of insects. This tribe seems to hare as ipreat ti 
aTorsioQ to perfumes, as the homan species have delight u them. 
They scarcely erer attack any odoriferous parts of plants, aod itii 
not uncommon to see every leaf of a tree destroyed by a blifbt, 
whilst the blossoms remain untonched. Cedar, sandal, and ail sro- 
matic woods, are, on this account, of great durability. 

EnUlv. But the wood of the oak, which is w much esteemed finr 
its durability, has, I beliere, no smell. Does it derire this qaalitj 
from its hardness alone? 

JIfrt. B.. Not entirely ; for the chesnut, though considenbly 
harder and firmer than the oak, is not so lasting. The dnrabili^ 
of the oak, is, 1 bdiere, in a g^reat measure, owing to its bsriiiif 
Tery little heart-wood, the aibemnm preserving its vital fbnctioiii 
longer than in other trees. 

Caroline, If incisions are made into the albemum and corticil 
layers, may not the ascending and descending sap be procured in 
the same manner as the pecuSar juice is from the vessel of the pa- 
renchyma f 

Mn, B. Tes ; but in order to obtain specimena of these fluids, is 
any quantity, the experiment must be made in the spring, wheotbt 
sap circulates with the greatest energy. For this purpose a bbsU 
bent glass tube should be introduced into the incision, tbroigh 
which the sap may flow without mixing with any of the other joioei 
of the tree. From the bark the sap will flow much more pleotiiil- 
ly thao from the wood, as the asoending sap is much more liquid) 
more abundant and more rapid in its motion, than that which ds> 
scends; for the latter having been deprived by the operatiooofthe 
leaves of a considerable part of its moisture, contains a much grest- 
er proportion of solid matter, which retards its motion. It doei net 
appear that there is any exoess of •descending sap, as none everex- 
udes from the roots of plants; this process, therefore, seems to be 
carried on only in proportion to the wants of the plant, and the asp 
descends ob further, and in no i^reater quantity than is required to 
nourish the several or^ns. Therefore, though the sap rises sod 
descends in the plant, it does not appear to undergo a real cirpuls* 
tion. 

The last of the organs of plants, is the flower^ or hloimm^ wkicb 

driven out and runs into the cavity, and finally into the reservoir. 
Tar is a mixture of retin^ empyreumatic oil^ charcoal^ and matk scid. 
The color is derived from the charcoal. Piich is made by boiliuf 
tar, by which its more volatile parts are driven ofi'.-^-C. 

1280. On what are the durability of cedar, sandal, and all aro- 
matic woods depending ? 
1381. On what is the durability of oak depending? 

1282. Ofwhai U tar said in the note to contist ? 

1283. At what time in the year does the sap circulate with moit 
energy? 

1284. Why will sap flow more plentifully from the bark tfasn 
from the wood? 

1285. What is the ultimate purpose of natnre ki thevegetaUe 
creation ? 
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produces ihe/ruits and seed^ These may be considered as the ulti- 
mate purpose of nature in the vegetable creation. From fruits and 
seeds animals derir^ both a plentiful source of immediate nourish- 
ment, and an ample provision for the re- production of the same 
means of subsistence. 

The seed which forms the final product of mature plants, we have 
already examined, as constituting the first rudiments of future Te- 
g^tation. 

These are the principal organs of vegetation, by means of which 
the several chemical processes which are carried on during the life 
of the plant are performed. 

Emily, But how are the several principles which enter into the 
composition of vegetables, so combined by the organs of the plant, 
as to be converted into vegetable matter ? 

J^rs, B. By chemical processes, no doubt ; but the apparatus in 
which they are performed, is so extremely minute as completely to 
elude our examination. We can form an opinion, therefore, only 
by the result of these operations. 

The sap is evidently confposed of water, absorbed by the roots 
and holding in solution the various principles which it deriresfrom 
the soil. From the roots the sap ascends through the tubes of the 
alburnum into the stem, and thence branches out to every extrem- 
ity of the plant. Together with the sap circulates a certain quan- 
tity of carbonic acid, which is gradually disengaged from the for- 
mer by the internal heat of the plant. 

Caroline, What f* have vegetables a peculiar heat, analogous to 
animal heat ? 

J^rs, B, It is a circumstance that has long been suspected; but 
late experiments have decided beyond a doubt that vegetable heat 
is considerably above that of unorganized matter in winter, and be- 
low it in summer. The wood of a tree in its interior, is about sixty 
degrees when the thermometer is at seventy or eighty degrees in 
the air. And the bark, though so much exposed, is seldom below 
forty in winter. 

It is from the sap after it has been elaborated by the leaves, that 
vegetables derive their nourishment; in its progress through the 
plant from the leaves to the roots, it deposits in the several sets of 
vessels with which it communicates, the materials on which the 
growth and nourishment of each plant depends. It is thus that the 
various pecaliar juices, saccharine, oily, mucous, acid, and colour- 
ing, are formed ; as also the more solid parts, fecula, woody-fibre, 
tannin, resins, concrete salts ; in a word all the immediate materi- 
als of vegetables, as well as the org^ized parts of plants, which lat- 
ter, besides the power of secreting these from the sap,ibr the gen- 
eral purpose of the plant, have also that of applying them to their 
own particular nourishment. 

Emily. But why should the process of vegetation take place only 

1286. How are the several principles which enter into the com- 
position of vegetables so combined by the organs of the plant as to 
be converted into vegetable matter ? 

1287. How does the temperature of vegetables compare with that 
of unorganized matter ? 

1288. How are the several pieces as well as more solid parts of 
vegetables formed f 
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at one season of the year, whilst a total inaction prevails daring the 
other f 

Mrs, B, Heat is such an important chernical agent, that its ef- 
fect ss such, mig-ht perhaps alone, account for the impulse which 
the Spring- g-ives to vegetation. But, in order to explain the me- 
chanism of that operation, it has hecn supposed that the warmth of 
spring^ dilates the vessels of plants, and produces a kind of vacuum, 
into which the sap (which had remained in a state of inaction in the 
trunk during the winter) rises; this is followed by the ascent of the 
sap contained in the root^, and room is thus made for fresh sap, 
which the roots in their turn pump up from the soil. This process 
goes on till the plant blossoms and bears fruit, which terminates its 
summer career; but when the cold weather sets in, the fibres and 
vessels contract, the leaves wither, and are no longer able to pe^ 
form their office of transpiration ; and as this secretion stops, the 
roots cease to absorb sap from the soil. If the plant be an anoDal, 
its life then terminates; if not, it remains in a state of torpid inac- 
tion during the winter, or the only internal motion that takes place 
is that of a small quantity of resinous juice, which slowly rises from 
the stem into the branches, and enlarges their buds during the win- 
ter. 

Caroline* iTet, in evergreens vegetation roust continne through- 
out the year. 

Jlfr«. B. Yes ; but in winter it goes on in a very imperfect man- 
ner, compared to the vegetation of spring and summer. 

We have dwelt much longer on the history of vegetable cheEaii- 
try than I had intended ; but we have at length, I think, broaghttiie 
subject to a conclusion. 

Caroline. I rather wonder that you did not reserve the account 
of the fermentations for the conclusion ; for the decomposition o( 
veg^etables naturally follows their death, and can hardly, it seemsi 
be introduced with so much propriety at any other period. 

Jlfrt. B, It is difficult to determine at what point precisely it may 
be most eligible to enter on the history of vegetation ; ewerj part 
of the subject is so closely connected, and forms such an uninter- 
rupted chain, that it is by no means easy to divide it. Had I began 
with the germination of'^ the seed, which, at first view seems to be 
the most proper arrangement, I could not have explained the na- 
ture and fermentation of the seed, or have described the cban(re8 
which manure must undergo, in order to yield the vegetable de- 
ments. To understand the nature of germination, it is necessary, I 
think, previously to decompose the parent plant, in order to be- 
come acquainted with the materials required for that purpose. I 
hope, therefore, that, .upon second consideration, you will find that 
the order which I have adopted, though apparently less correct, is, 
in fact, the best calculated for the elucidation of the subject 



1289. Why should the process of vegetation take place only in 
warm weather? 

1290. What is the condition of vegetables called evergreens, in 
the season of winter ? 

1291. Why was not the fermentation of vegetables reserred for 
the concluding part of what is said on this subject f 
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CONVERSATION XXIH. 

ON TH£ COMPOSITION OF ANIHALS. 

Jlfr». B. We have now come to the last branch of chemistry, 
which comprehends the most complicated order of compound l>eing«« 
This is the animal creation, the history of which, cannot but excite 
the highest degree of curiosity and interest, though we often fail in 
attempting to explan the laws by which it is governed. 

M^mily. But since all animals ultimately derive their nourishment 
from regetables, the chemistry of this order of beings must consist 
merely in the conrersion of regetable into animal matter. 

Jtfr«. B, Very true; but the manner in which this is effect^ is, 
in a great measure, concealed from our observation. This process 
is called animalizatwn^ and is performed by peculiar organs. The 
difference of the animal and vegetable kingdoms does not, however, 
depend merely on a different arrangement of combinations. A new 
principle abounds in the animal kingdom, which is but rarely and 
in very small quantities found in vegetables ; this is nitrogen. There 
is likewise Jn animal substances a greater and more constant pro- 
portion of phosphoric acid, and other saline matters. But these are 
not essential to the formation of animal matter. 

Caroline, Animal compounds contain, then, four fundamental 
principles; oxygen, hydrogen, carbon and nitrogen. 

Jtfrt. B. Yes ; and these form the immediate materials of ani- 
mals, which are gelaiim, albumen^ and /i^rin^.* 

Emily Are those all ? I am surprised that animals should be com- 
posed of fewer kinds of matenals than vegetables ; for they appear 
much more complicated in their organization. 

Mrs. B. Their or|^nization is certainly more perfect and intri- 
cate, and thb ingredients that occasionally enter into their compo- 
sition are more numerous. But notwithstanding the wonderful va- 
riety observable in the texture of the animal organs, we find that the 
original compounds, from which all the varieties of animal matter 
are derived, may be reduced to the three heads just mentioned. An- 
imal substances being the most complicated of all natural com- 
pounds, are most easiljr susceptible of decomposition, as the scale of 
attractions mcreases in proportion to the number of constituent 

f>rinciples. Their analysis is, however, both difficult and imper- 
ect; for as they cannot be examined in their livine state, and are 
liable to alteration immediately after death, it is probable that when 
submitted to the investigation of a chemist, they are always more or 

* These are the principal ingredients of the soft parts. But in 
addition to these, animal substances contain eolowing matter of 
bloody mucouty tulphur^phosphontft earth* ^ alkalies, oils, acids^ retint^ 
and several others, which it is unnecessary to specify .~C. 

1292. What forms the subject of the 23d oonversation ? 

1293. What is animalization ? 

1294. What do animal compounds contain ? 

1295. What are the immediate materials of animals? 

1296. Ob what account is the analysis of animal compounds £f- 
iScult and imperfect? 
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less altered in their combinations and properties, from what thej 
were, whilst they made part of the living aoimal. 

Emily. The mere diminution of temperature, which they eiperi- 
ence by the privation of animal heat, must I should suppose, be suf- 
ficient to derange the order of attractions, that existed during life. 
JIf r». B, That is one of the causes, no doubt ; but there are many 
other circumstances which prevent us from studying the nature of 
living animal substances. We must, therefore, in a considerable 
degree, confine our researches to the phenomena of these compoundi 
in their inanimate state. 

These three kinds of animal matter, gelatine, albumen, and 
fibrine, form the basis of all the various parts of the animal system: 
either solid, as the skin^ JUth^ nerves^ membranes, cartiU^esy aod 
bonet ; or fluid, bloody chyUy milky mucottSy the gantric and fOMfi' 
otic jukesy bihy perspiratioriy salivtiy tearty S^c. 

Caroline. Is it not surprising that so great a variety of substances, 
and so different in their nature, should yet all arise from so feif 
materials, and from the same original elements? 

Mr$, B. The difference in the nature of various bodies depends, 
as 1 have often observed to yon, rather on their state of combination, 
than on the materials of which they are composed. Thus, in consi- 
dering the chemical nature of the creation in a general point of rieir, 
we observe that it is throughout composed of a very small number 
of elements. But when we divide it into the three kingdoms, we 
find that, in the mineral, the combinations seem to result from the 
union of elements usually brought together ; whilst in the veget- 
able and animal kingdoms, the attractions are peculiarly andrego* 
larly produced by appropriate organs, whose action depends on tbe 
vital principle. And we may further observe, that oy means of 
certain spontaneous changes and decompositions, the elements of 
one kind of matter become subservient to the reproduction of an- 
other; so that the three kingdoms are intimately connected, and 
constantly contributing to the preservation of each other. 

Emily, There is, however, one very considerable class of el^ 
roents, which seem to be confined to the mineral kingdom. I 
mean metals. 

Jdrs, B. Not entirely ; thev are found, though in very minute 
quantities, both in the vegetable and animal kingdoms. A small 
portion of earths and sulphur enters also into tbe <M>mpositioD of or- 
ganized bodies. Phosporus, however, is almost entirely confined 
to the animal kingdom; and nitrogen, with but few exceptions, is 
extremely scarce in vegetables. 

Let us now proceed to examine the nature of the three priociptl 
materials of the animal system. 

OelcUine or jelly, is the chief ingredient of skin, and of all tbe 
membranous parts of animals. It may be obtained from these sob- 
stances, by means of boiling water, under the forms of glue, sixs, 
isinglass, and transparent jelly. 

1297. On what does the difference of nature in varioui bodiei 
chiefly depend ? 

1298. What is gelatine or jelly ? 
1S99. From what is it obtained? 

1300. Under what fonni does it exist when obtained? 
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CaroHne. But these are of a rery ^iffaneot nature ; tbey oannot, 
therefore, be all pure gelatine. 

•Mrs, B. Not entirely, but Fery nearly so. Gkie* is extracted 
from the skin of animals. Size is obtained either from skin in its 
natural state, or from leather. Isinglass is gelatine procured from 
a particular species of fish ; it is, you knovr, of this substance that 
the finest jelly is made, and this is done by merely dissolving the 
isinglass in boili bg water, and allowing the solution to congeed. 

£mily. The wine, lemon, and spices, are, I suppose, added only 
to flarour thejelly ? 

mMr», B» Exactly so. 

Caroline. But jelly is often made of hartshorn sharings, and of 
calves* feet; do these substances contain gelatine? 

Jtfrt. B, Tes. Gelatine may be obtained from almost any ani- 
mal substance, as it enters more or lese into the composition of all 
of them. The i)roces8 for obtaining it is extremely simple, as it 
consists merely in boiling the substance which contains it with 
water. — The gelatine dissolves in water, and may be obtained of 
any decree of consistence or strength, by evaporating this solution. 
Bones m particular i^roduce it very plentifully, as they consist of 
phosphat of lime, combined or cemented by gelatine. Horns, 
which are a species of bone, will yield abundance of gelatine. The 
boms of the hart are reckoned to produce gelatine of the finest 
quality ; they are reduced to the state of shavings, in order that the 
jelly may be more easily extracted by the waters. It is of harts- 
norn shavings that the jellies for invalids are usually made, as they 
are of very easy digestion. 

Caroline, It appears singular that hartshorn, which yields such 
a powerful ingredientas ammonia, should at the same time produce 
so mild and insipid a substance as jelly ? 

Mrs, B. And (what is more surprising) it is from the gelatine 
of bones that ammonia is produced. You must observe, however, 
that the processes* by which these two substances are obtained from 
bones are very different. By the simple action of water and heat, 
the gelatine is separated ; but in order to procure the ammonia, or 
what is commonly called hartshorn, the bones must be distilled, by 
which means the gelatine is decomposed, and hydrogen and nitro- 
gen combined in the form of ammonia. So that the first operation 
is a mere separation of ingredients, whilst the second requires a 
chemical decomposition. 

Caroline, But when jelly is made from hartshorn shavings, what 
becomes of the phosphat of lime which constitutes the other part of 
bones I 



"^ Bones, muscles, tendons, ligaments, membranes, and skins, all 
of them yield glue. But the best is made from the skin of old ani- 
mals. — C. 



1301. From what is the best glue extracted ? 

1302. From what is isinglass obtained ? 

1303. What is the process of obtaining gelatine? 

1304. From what is the best gelatine obtained? 

1 305. From what is ammonia produced f 

25 
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Mr$, B, It it easily separated by strainiDg. But the jelly 18 after- 
wards more perfectly purified, and rendered transparent, by adding 
whites of egg^, which being* coagulated by heat, rises to the sur- 
face along with any impurities. 

Emily. I wonder that bones are not used by the common people 
to make jelly ; a great deal of wholesome nourishment, might, I 
should suppose, be procured from them, though the jelly would per- 
haps not be quite so good as if made from hartshorn shavings. 

Mrs, B. There is a prejudice among the poor against a speciesof 
food that is usually thrown to the dojs ; and as we cannot expect 
them to enter into chemical considerations, it is in some degree ex- 
cusable. Besides, it requires a prodigious quantity of fuel to dis- 
solve bones and obtain the gelatine from them. 

The solution of bones in water is g^reatly promoted by an accu- 
mulation of heat. This may be effected by means of an extremely 
strong metallic vessel, called Papin*s digester, in which the hopes 
and water are enclosed, without any possibility of the steam making 
its escape. A heat can thus be applied much superior to that of 
boiling water ; and bones, by this means, are completely reduced 
to a pulp. But the process still consumes too much luel to be 
generally adopted among the lower classes. 

Caroline. And why should not a n\anufacture be established for 
grinding or macerating bones, or at least for reducing them to the 
state of shavings, when, I suppose, they would dissolve as readily 
as hartshorn shavings P 

Mrs. B. They could not be collected clean for such a purpose; 
but they are not lost, as they are used for making hartshorn, and 
sal. ammoniac ; and such is the superior science and industry of 
this country, that we now send sal. ammoniac to the Levant, though 
it originally came to us from Egypt. 

Emily. When jelly is made of isinglass, does it leave no sedi- 
ment? 

Mrs. B. No : nor does it so much as require clarifying, as it con- 
sists almost entirely of pure gelatine, and any foreign rnatter that is 
mixed with it, is thrown off during the boiling in the form of scum. 
These are processes which you may see performed in great per- 
fection in the culinary laboratory, by that very able and roost use- 
ful chemist, the cook. 

Caroline. To what an immense variety of purposes chemistry is 
subservient? 

Emily. It appears, in that respect, to have an advantage over 
most other arts and sciences ; for these, very often have a tendency 
to confine the imagination to their own particular object ; whilst 
the pursuit of chemistry is so extensive and diversified, that it in- 
spires a general curiosity and a desire of inquiring into the nature 
of every object. 

Caroline. I suppose that soil p is likewise composed of gelatine; 
for, when cold, it often assumes the consistence of jelly. 

Mrs. B. Not entirely ; for though soups generally contain » 

1306. What becomes of the phosphat of lime when jelly is made 
from the shavings of hartshorn ? 

1307. What obstacle is there to converting bones into gelatine 
for food? 

] 308. For what may bones be advantageously used ? 
1309. Of what are soups composed ? 



OF ANIMALS. 291 

qaantity of gelatiDe, the most essential ing^redient is a mucus, or 
extractive matter, a peculiar aoimal substance, very soluble in wa- 
ter, which has a strong' taste, and is more nourishing^ than gelatine. 
The various kinds of portable soup consists of this extractive mat- 
ter in a dry state, which, in order to be made into soup, requires 
only to be dissolved in water. 

Gelatine, in its solid state, is a semiductile, transparent sub- 
stance, without either taste or smell.' When exposed to heat, in 
contact with air and water, it first swells, then fuses, and finally 
burns. You may have seen the first part of this operation per- 
formed in the carpenter's glue- pot. 

Caroline. But you said that gelatine had no smell, and glue has a 
Tery disagreeable one. 

Jfri. B. Glue is not pure gelatine : as it is not desig:ned for eat- 
ing, it is prepared without attending to the state of the ingredients, 
which are more or less contaminated by particles that have be- 
come putrid. 

Gelatine may be precipitated from its solutions in water by alco- 
hol. — We shall try this experiment with a glass of warm jelly. — 
You see that the gelatine subsides by the union of the alcohol and 
the wdter. 

Emily, How is it, then, that jelly is flavoured with wine, without 
producing any precipitation? 

Mrs, B. Because the alcohol contained in the wine is already com- 
bined with water and other ingredients, and is, therefore, not at 
liberty to act upon the jelly as when in its separate state. Gela- 
tine is soluble both in acids and in alkalies ; the former, you know, 
are frequently used to season jellies. 

Caroline. Among the combinations of gelatine we must not for- 
get one which you formerly mentioned ; that with tannin, to form 
leather. 

Mrs. B. True ; but you must observe that leather can be pro- 
duced only by gelatine in a membranous state ; for though pure 
gelatine and tannin will produce a substance chemically similar to 
leather, yet the texture of the skin is requisite to make it answer 
the useful purposes of that substance. 

The next animal substance we are to examine is albumen : this^ 
although constituting a part of most of the animal compounds, is 
frequently found insulated in the animal system ; the whites of eggs, 
for mstance, consists almost entirely of albumen : the substance that 
composes the nerves, the serum, or white part of the blood, and the 
curds of milk, are little else than albumen variously modified. 

In its most simple state, albumen appears in the form of a trans- 
parent, viscous fluid, possessed of no distinct taste or smell ; it co- 
agulates at the low temperature of 165 degrees ; and, when once 
solidified, it will never return to its fluid state. 

Sulphuric acid and alcohol are each of them capable of coagu- 

1310. How does common glue differ from gelatine? 

1311. What effect will alcohol have on gelatine in water? 

1312. Why will not wine, which contains a portion of alcohol 
produce precipitation, when put into jelly? 

1313. What is albumen? 

1314. At what temperature will it coagulate? 
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latiDi^ albumen in the lame manner as heat, at I am pM^ to ihoir 
you. 

Emily. Exactly so. — Pray, Mrs. B. , what kind of action is there 
between albumen and siWerr I have sometimes obserred, that if 
the spoon with which I eat an egg happens to be wetted, it becomes 
tarnished. 

J^ra. B. It is because the white of an egg (and, indeed, albumeo 
in general) contains a little sulphur, which, at the temperature of 
an eg^ just boiled, will decompose the drop of water that wets the 
spoon, and produce sulphuretted hydrogen gas, which has the pro- 
perty of tarnishing 8il?er. 

We may now proceed to Jibrine, This is an insipid and inodonii 
substance, having somewhat the appearance of fine white thread 
adhering together : it is the essential constituent of muscles, or 
flesh, in which it is mixed with and softened by gelatine. It is inso- 
luble both in water and alcohol, but sulphuric acid couverts it into 
a substance very analogous to gelatine. 

These are the essential and general ing^redients of animal mat- 
ter; but there are other substances, which though not peculiar to 
the animal system, usually enter into its composition, such as otb, 
acids, salts, &:c. 

Animal oil ik the chief constituent of fat : it is contained in 
abundance in the cream of milk, whence it is obtained in the form 
of butter. 

EmUy. Is animal oil the same in its composition as yegetable 
oils ? 

•Vrs. B. Not the same, but yery analogfous. The chief diile^ 
ence is, that animal oil contains nitrogen, a principle which seldom 
enters into the composition of yegetable oils, and neyer in solaii^ 
a proportion. 

There are few animal acids, that is to say, acids peculiar to ani- 
mal matter, from which they are almost exclusiyely obtained. 

The animal acids haye triple bases of hydrogen, carboni and n- 
trogen : Some of them are found natiye in animal matter; others 
are produced during its decomposition. 

Those which we find ready formed, are, — 

The bombic acid, which is obtained from silk-worms. 

The formic acid, from ants. 

The lactic acid, from the whey of milk. 

The sebacic, from oil or fat. 

Those produced during the decomposition of animal substances 
by heat, are the pruttic and xoonic acids. This last is produced by 
the roasting of meat, and gives it a brisk flavour. 

Caroline, The class of animal acids is not very extensive. 

Mrs. B. No ; nor are they, generally speaking, of great ittpor* 



1315. Why is silver tarnished by the white of an egg? 

1316. What is fibrine? 

1317. What is the difference between vegetable and animal oil? 

1318. What are the basis of animal acids? 

1319. What are the names of those formed in animal substances 
already formed ? 

1320. What are those produced during the deeomposition of ani- 
mal substances ? 
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tance. The pntsHc acid,* I think the only one snffiGientlj interest- 
ing to require any further comment. It can be formed by an arti- 
ficial process without thef>re8ence of any animal matter; it may 
likewise be obtained from a variety of veg^etables, particularly those 
of the narcotic kind, such as poppies, laurel, &c. But it is commonly 
obtained from blood, by strong^ly heating that substance with caus- 
tic potash ; the alkali attracts the acid from the blood, and forms 
with it a pruitiat of potcuh. From this state of combination the 
prussic acid can be obtained pure by means of other substances 
which have the power of separating it from the alkali. 

Emily, But if this acid does not exist ready formed in blood, how 
can the alkali attract it from thence ? 

Jlfrt. B. It is the triple basis only of this acid that exists in the 
blood ; and this is developed and brought to the state of acid, during 
the combustion. The acid, therefore, is first formed, and it after- 
wards combines with the potash. 

Emily. Now I comprehend it. But how can the prussic acid be 
artificially made? 

Mrt. Jj. By passing ammoniacal^^ oyer red-hot charcoal ; and 
hence we learn that the constituents of this acid are hydrogen, ni- 
trogen, and carbon. The two first are derived from the volatile 
alkali, the last from the combustion of the charcoal.f 

Caroline. But this does not accord with the system of oxygen be- 
ing the principle of acidity. 

Kmily. The colouring matter of Prussian blue is called an acid, 
because it tmites with alkalies and metals, and not from any other 

*' Prussic acid can be obtained from Prussian blue [prutsiat of 
iron) by the following process. Take 4 ounces of Prussian blue, 
pulverize it finely, and mix with it 2 and a half ounces of red oxide 
of mercury {red precipitate) boil the mixture with 12 ounces of wa- 
ter in a glass vessel, frequently stirring it with a stick. Filter the 
solution, which is a prutriat of mercury , and is formed by the trans- 
fer of the prussic acid, from the iron to the mercury. Put this solu- 
tion into a retort, and add to it two ounces of clean iron filings and 
six drachms of sulphuric acid, and distil off two and a half ounces of 
pnutic acid. This process requires a good apparatus, and ought not 
to be undertaken by any one who has not a knowledge of practical 
chemistry. The fumes during the distillation ought carefully to be 
avoided as poisonous. Prussic acid has of late been much used in 
medicine, as a remedy, in consumption, hooping cough, &c. — C. 

f The basis of Prussic acid, has of late years, been ascertained 
by M. Gay-Lussac, to be a combination of azote and carbon, which 
he has called cyanogen* This compound, when combined with hy- 
drogen, forms prussic acid, or, as it is now called, hydro cyanic actd. 
Pure cyanoeen, in the state of gas, may be obtained from prusstat 
of mercury by distillation. 

1321. How is prussic acid obtained ? 

1322. Hotoii it mentionedin the m^ that prwsic acid can be 6b' 
tainedfrom Prwtian blue ? 

1323. Does this acid exist already formed in the blood ? 

1324. How is it ascertained that the constituents of prussic acid 
are hydrogen, and nitrogen, and carbon ? 

2^> 
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eharactoriitio properties of aoidt ; pertiapt the name ii not strictly 
appropriate. But this circumstance, together with some others of 
the same kind, has induced seyeral chemists to think that oxygeo 
may not be the exciusive generator cMf acids. Sir H. Davy, IhtTS 
already informed you, was led by his experiments on dry acids to 
suspect that water might be essential to acidity. And it is the 
opinion of some chemists that acidity may possibly depend rather 
on the arrangement than on the presence of any particular princi- 
ples. But we have not yet done with the prussic acid. It bss s 
strong affinity for metallic oxyds, and precipitates the sdutioDsof 
iron in acids of a blue color. This is the Prussian blue,or pmssiat 
of iron, so much used in the arts, and with which 1 think you nrait 
be acquainted. 

Emily. Yes, I am ; it is much used in painting, both in oil audio 
water colours ; but it is not reckoned a permanent oil colour. 

Jdn. B, That defect arises, I beftiere, in general, from its beiof 
badly prepared, which is the case when the iron is not so fully ozy- 
dated as to form a red oxyd. For a solution of green oxyd of iroa 
(in which the metal is more slightly oxydated,) makes only a pale 
green, or even a white precipitate, with prussiat of potash ; and this 
gradually changes to blue by being exfMtsed to the air, as I can ioh 
mediately show you. 

Caroline, It already begins to assume a pale blue colour. But 
how does the air produce this change ? 

Mrs.B, By pxydating the iron more perfectly. If we pour some 
nitrous acid on it, the blue color will be immediately produced, ai 
the acid will yield its oxygen to the precipitate, and fully sstarate 
it with this principle, as you shall see. ^ 

Caroline, It is very carious to see a color change so instaDtane- 
ously. 

Mrs. B, Hence youperceire that Prussian blue cannot be a per- 
manent color, unless prepared with red oxyd of iron, since by ex- 
posure to the atmosphere it gradually darkens, and in a short time ii 
no longer in harmony with the other colors of the painting. 

Caroline, But it can never become darker, by exposure to the 
atmosphere, than the true Prussian blue, in which the oxyd is p6r« 
fectW saturated. 

Mrs. ^. Certainljrnot. But in painting, the artist not reckon- 
ing upon partial alterations ii^ his colors, gives his blue tints that 
particular shade which harmonizes with the rest of the picture. If* 
afterwards, those tmts become darker, the harmony of theeolorioff 
must necessarily be destroyed. 

CaroHne, Pray of what nature is the paint, called carf]^? 

Mrs, B, It is an animal color, prepared from cochineal^ an in- 
sect, the infusion of which produces a very beautiful red.* 

Caroline, While we are on the subject of colors, I should like t0 
learn what ivon/ black is ? 

* Carmine is obtained by precipitating the coloring matter from 
an infusion of the insect by means of a solution of tin. — ^C. 

1326. To what opinio was Sir H. Davy led respecting acidity? 

1326. Why is not Prussian blue a permanent oU color ? 

1327. In what way may Prussian blue be made apermaneotcolor.' 

1328. From what is carmine prepared ? 
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Mrs, Bl It 18 a carbonaoeoiu f ubitance obtained by the oombiM- 
tion of ivory. A more commoo species of black is obtained from 
the buraini^ of bone. 

CaroliM' But duriogp tbe combustion of ivory or bone, the car« 
bon, I should have imagined, must be converted into carbonic acid 
g^s, instead of this black substance ? 

Jdn. B, In this and in most combustions, a considerable part of 
the carbon is simply volatilized by the heat, and again obtained con- 
crete on cooling. This color, therefore may be called the toot 
produced by the burning of ivory or bone* 



CONTER8ATION XXIT. 

OF THE ANIMAL ECONOMY. 

JIfrtf. B. We have now acquired some idea of the various mato- 
riab which compose the animal system ; but if you are curious to 
know in what manner these substance^ are formed by the animal 
organs from vegetable, as well as from animal substances, it will be 
necessary to have some previous knowledge of the nature and 
functions of these organs, without which it is impossible to form any 
distinct idea of the process of animalifaHon and nuirition. 

Caroline. 1 do not exactly understand the meaning of the word 
animalization. 

Jdrs, B» Animalization is the process by which the food is«infii« 
Hatedy that is to say, converted into animal matter ; and notrition i« 
that by which the ^bod thus assimilated is rendered subservient to 
the purposes of nourishing and maintaining the animal system^ 

EmUy. This, I am sure, must be the most interesting of all the 
branches of chemistry ? 

Carolint. So I think ; particularly as I expect that we shall hear 
something of the nature of respiration, and of the circulation of 
the blood f 

Mn. B. These functions undoubtedly occupy a most important 
place in the history of the animal economy. But I must previously 
give you a very shoi*t account of the principal organs by which tM 
Tarious (^rations of the animal system are performed. These are : 
The Bones^ \ 

Muteles^ v 
Blood vest e(f , 
Lymphatic v$8sel$y 
Qlandtf and 
J^ervet, 
The boyut are the most solid part of the animal frame, and in a 
great measure determine its form and dimensions. Ton recollect I 
suppose what are tbe ingredients which enter into their composition. 

* 

1329. How is ivory black made f 

1330. What is the subject of the 24th conversation ? 

1331. What is nutrition ? 

1332. What are the principal organs by which the Ttrioos ope-> 
rations of the animal system are performed ? 
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Caroline. Tet ; photpbat of lime, cemented hy gelatine. 

Mrs. B. Darin? the earliest period of aoim^ life, they cooiiit 
almost entirely of g^elatinoas membrane, harini^ the form of the 
bones, but of a loose spongy texture, the cells or cavities of which 
are destined to be filled vrith phosphat of lime ; it is the gradual ac- 
quisition of this salt which gives to the bones their subsequent 
hardness and durability. Infants first receive it from their moth- 
er^ milk, and afterirards derive it from all animal and from most ve^ 
etable food, especially farinaceous substances, such as wheat-flour, 
which contains it in sensible quantities. A portion of the phosphat, 
after the bones of the infant have been sufficiently expanded and 
solidified, is deposited in the teeth, which consist at first only of a 
gelatinous membrane, or case, fitted for the reception of this salt ; 
and which, after acquiring hardness within the gum, g^radually pro* 
trade from it. 

Caroling, How very curious this is ; and how ingeniously nature 
has provided for the solidification of such bones as are immediatelj 
wanted, and afterwards for the formation of the teeth, which would 
not only be useless, but detrimental in infanov. 

Jdrt, B. In quadrupeds, the phosphat of lime is deposited like- 
wise in their horns, and the hair or wool with which they are geoe^ 
ally clothed. 

In bifds it serves also to harden the beaks and the quills of their 
feathers. 

When animals are arrived to a state of maturity, and their hopes 
have acquired a sufficient degree of solidity, the phosphat of limt 
which is taken with the food is seldom assimilated, excepting wheo 
the female nourishes her young ; it is then all secreted into the milk* 
as a provision for the tender bones of the nursling. 

Emily. So that whatever becomes superfluous in one being, is 
immediately wanted by another ; and the child acquires strength 
precisely by the species of nourishment which is no longer necessa- 
ry to the mother. Nature is indeed, an admirable economist ! 

Caroline. Pray, Mrs. B., does not the disease in the bones of 
children, called tne rickets, proceed from a deficiency of pbosphit 
of lime? 

•Mrs. B, I have beard that this disease mav arise from two causes; 
it is sometimes occasioned by the growth of the muscles being too 
rapid in proportion to that of the bones. In this case the weight 
of the flesh is greater than the bones can support, and presses upon 
them so as to produce a swelling of the joints, which is the great 
indication of the rickets. 

The other cause of this disorder is supposed to be an impei^t di- 

1333. What are the ingredients that enter into the compositioo 
of bones? 

1334. What gives to bones their hardness and durability ? 

1335. What is the state of bones in the early periods of animallife ? 

1336. Whence is the phosphat of lime necessary in the fbrmatioo 
of bones obtained? 

1337. How are teeth formed ? 

1338. What gives the horns of quadrupeds and the beaks and 
quills of birds their hardness ? 

1339. When is the phosphat of lime assimilated in adult animals ? 

1340. How is the disease called rickets occasioned ? 
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g^estion and assimilatioD of the food, attended with an «cceM of 

. acid, which coaoteracts the formation of phosphat of lime. In bo^ 

instances, therefore, care shonld he taken to alter the child^ diet; 

not merely by increasing the quantity of aliment containing phoa- 

Shat of lime, but also by avoiding all food that is apt to turn acid on 
be stomach, and to produce indigestion. But the best preserva- 
Ure against complaints of this kind, is no doubt, good nursing : 
when a child has plenty of air and exercise, the digestion and as- 
similation will be properly performed, no acid will be produced to 
interrupt these functions, and the muscles and bones will grow to- 
gether in just proportions. 

Caroline, I have often heard the rickets attributed to bad nurs- 
ing, but I never could have guessed what connexion there was be- 
tween exercise and the formation of the bones. 

Jtirt. B. Exercise is generally beneficial to all the animal func- 
tions. If man is destined to labour for his subsistence, the bread 
which he earns is scarcely more essential to his health and preser- 
vation than the exertions bV which he obtains it. Those whom 
the gifts of fortune have placed above the necessity of bodily la- 
bour, are compelled to take exercise in some mode or other, and 
when they cannot convert it into an amusement, they must submit 
to it as a task, or their health will soon experience the effects of 
theit indolence. 

Emily* That will never be my case ; for exercise, unless it be- 
comes fatigue, always gives me pleasure ; and so far from being a 
task, is to me a source of daily enjoyments I often think what a 
blessing it is, that exercise, which is so conducive to health, should 
be so delightful ; whilst fatigue, which is rather hurtful instead of 
pleasure, occasions painful sensations. So that fatigue, no doubt, 
was intended to moderate our bodily exertions, as satiety puts a 
limit to our appetites. 

Jfrs, B, Certainly. -^But let us not deviate too far from our aub- 
ject. The bones are connected together by ligaments, which con- 
sist of a white, thick flexible substance, adhering to their extremi- 
ties so far ^ to secure the joints firmly, though without impeding 
^eir n;iotion. And the joints are, moreover, co?ered by a solid, 
smooth, elastic white substance, called cartilage, the use of which 
is to allow, by its smoothness and elasticity, the bones to slide easily 
over one another, so that the joints may perform their office without 
difficulty or detriment. 

Over the bones the mutehi are placed ; they consist of bundles 
of fibres, which terminate in a kind of string, or ligament, by 
which they are fastened to the bones. The muscles are the organs 
of motion; by their power of dilatation and contraction, they put 
into action the bones, which act as levers in all motions of the body, 
and form the solid support of its various parts. The muscles are 
of various degrees of strength or consistencoi in different species 
of animals. The mammiferous tribe, or those that suckle their 
young, seem, in this respect, to occupy an intermediate place be- 
tween birds and cold-blooded animals, such as reptiles and fishes. 

Emil^, The different degrees of firmness and solidity in the mus- 

1341. What precaution may be taken against this disease? 

1342. How are the bones of an animal system confined together? 

1343. By what are the joints covered ? 

1344. "iO^ what are the organs of motion.' 
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clet of these seyeral species of annnals, proceed, I imagine, from 
the different nature of the food on which they subsist. 

Mrs. B, No, that is not supposed to be the case ; for the human 
species, who are of the mammiferous tribe, live on more substantial 
food than birds; and yet the latter exceed them in mdscalar 
•treng^h. We shall, hereafter, attempt to account for this differ- 
ence; but let us now proceed in the examination of the animal 
functions. 

The next class of organs is that of the vessels of the body, the of- 
fice of which is to convey the various fluids throughout the frame. 
These vessels are innumerable. The most considerable of them 
are those through which the blood circulates, which are of two 
kinds ; the arteries which convey it from the heart to the extremi- 
ties of the body, and the veins which bring it back into the heart 

Besides these, there are a numerous set of small transparent vei- 
sels, destined to absorb and convey different fluids into the blood; 
they are generajiy called the absorbent or lymphatic vessels ; but it 
is to a portion of them only, that the function of conveying into 
the blood the fluid called lymph Is assigned, 

Emily. Pray what is the nature of that fluid? 

Mrs. B. The nature and use of the lymph have, I beUeve,neTer 
been perfectly ascertained; but it is supposed to consist of matter 
that has been previously animalized, and which after answering the 
purpose for which it was intended, must, in reej-ular rotation, make 
way for the fresh supplies produced by nourishment. The lym- 
phatic vessels pump up this fluid from every part of the system, and 
convey it into the veins to be mixed with the blood which row 
through them, and which is commonly called venous blood.- 

Caroline. But does it not again enter into the animal system 
through that channel ? 

•Mrs. B. Not entirely : for the venous blood does not retom ipto 
the circulation until it has undergone a peculiar change, in which 
it throws off whatever is become yseless. 

Another set of absorbent vessels pump up the chyk from the 
stomach and intestines, and convey it, after man/ circumvolutioni, 
into the great vein near the heart.* 

Emily. Pray, what is chyle ? 

Mrs. B. It is the substance into which food is converted by di- 
gestion. 

Caroline. One set of the absorbent vessels, then, is employed in 
bringing away the old materials which are no longer fit for use : 
whilst the other set is busy in conveying into the bloira the new D»' 
terials that are to replace them ? 

* This is a mistake. The chyle is conveyed into the trank of the 
absorbent sjrstem, called by anatomists the thoracic duct. This ruD» 
in a serpentme direction along the internal side of the back bone, 
up to the subclavian vein, which lies under the collar bone. Into 
this vein the chyle is discharged, and mixes with the blood, and be- 
fore it reaches the heart, it is converted into blood itself.— C 

1345. For what purpose are the arteries ? 

1346. For what purpose are the veins ? 

1347. What are lymphatic vessels? 

1348. What is chyle? 
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Emily. What a great yarietj of iDgredieots must enter into the 
composition of the blood. 

Mrs. B. You must observe that there is also a great variety of 
Bubstaoces to be secreted from it. We may compare the blood to a 
general receptacle or storehouse for all kinds of commodities, which 
are afterwards fashioned, arranged, and disposed of, as circumstan- 
ces require. 

There is another set of absorbent vessels in females, which is des- 
tined to secrete milk for the nourishment of the young. 

Emily. Pray is not milk very analagous in its composition to 
blood ; for, since the nursling derives its nourishment from that 
source only, it must contain every principle which the animal sys- 
tem requires. 

J\irs. B, Very true. Milk is found, by its analjrsis, to contain the 
principal materials of animal matter, albumen, oil, and phosphat of 
lime ; so that the suckling has but little trouble to digest and assi- 
milate this nourishment. But we shall examine the composition of 
milk more fully afterwards. 

In many parts of the body, numbers of small vessels are collected 
together in little bundles called glandsy from a Latin word, mean- 
ing aeom^ on account of the resemblance which some of them bear 
in shape to that fruit. The functions of the glands is to secrete, or 
separate certain matters from the blood. 

The secretions are not only mechanical, but chemical separations 
from the blood ; for the substances thus formed, though contained 
in the blood, are not ready combined in that fluid. The secretions 
are of two kinds ; those which form peculiar animal fluids, as bile, 
tears, saliva, &c. ; and those which produce the general materials 
of the animal system, for the purpose of recruiting and nourishing 
the several organs of the body : such as albumen, gelatine, and 
fibrine ; the latter may be distmguished by the name of nutritive 
secretions, 

Caroline. 1 am quite astonished to hear that all the secretions 
should be derived from the blood. 

Emily. I thought that the bile was produced by the liver. 

Mrs. B. So it is ; but the liver is nothing more than a very large 
gland, which secretes the bile from the blood. 

The last of the animal organs which we have mentioned are the 
nerves ; these are the vehicles of sensation, every other part of the 
body being, of itself, totally insensible. 

CfaroUne. They must, then, be spread through every part of the 
frame, for we are every where susceptible of feeling. 

Emily. Excepting the nails and the hair. 

Mrs. B. And those are almost the only parts in which nerves 
cannot be discovered. The common source of all the nerves is the 
brain ; thence they descend, some of them through different aper- 
tures in the skull, but the greatest part through the back bone, and 
extend themselves by innumerable ramifications throughout the 

1349. To what may the blood be compared? 

1350. Of what does milk consist ? 

1351. From what do the glands derive their name ? 

1352. What is their use ? 

1353. How many kinds of secretions are there, and what are they? 

1354. What are the nerves? 

1355. What b the common Bource of the nerves? 
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whoU body. Tbaj spread tbamielref orer the mwolM, peiMtnUe 
the i^UndB, wiod round the ? ascular sjttem, and •ven pierce into 
the interior of the bones. It is most probable tbrongpb them that the 
oommunication is carried on between the mind and the other parti 
of the body ; but in what manner they are acted on by the mind, 
and made to react on the body« is still a profoand secret. Many 
hypotheses have been formed on this very obscnre subject, bot they 
are all equally improbable, and it would be useless for us to waste 
our time in conjectures on an in(][uiry, which, in all probability, is 
beyond the reach of human capacity. 

Caroline. But you have not mentioned those particular nerres 
that form the senses of hearing^, seeing, smelling, and tasting ? 

Jfrs. B. They are considered as being of the same nature as 
those which are dispersed aver every part of the body, and consti- 
tute the general sense of feeling. The different sensations which 
they produce, arise from their peculiar situation and connexion with 
the several organs of taste, smell and hearing. 

Emily. But these senses appear totally different from that of feel- 
ing? 

«Afr«. B. They are all of them sensations, but variously modified 
according to the nature of the different organs in which the nerves 
are situated. For, as we have formerly ooserved, it is by contact 
only that the nerves are affected. — Thus odoriferous particles must 
strike upon the nerves of the nose, in order to excite the sense of 
smelling ; in the same manner that taste is produced by the parti- 
cular substance coming in contact with the nerves of the tongue. 
It is thus also that the sensation of sound is produced by the consns- 
sion of the air striking against the auditory nerve; and sight is the 
effect of the light falling upon the optic nerve. These various sen- 
ses, therefore, are affected only by the actual contact of the parti- 
cles of matter, in the same manner as that of feeling. 

The different organs of the animal body, though easily separated 
and perfectly distinct, are loosely connected together by a kind of 
spongy substance, in texture somewhat resembling net-work, cadl- 
ed the cellular membrane ; and the whole is covered by the skin. 

The skiriy as well as the bark of regetahles, is formed of three 
coats. The external one is called the cuticle or epidermis; the se- 
cond which is called the mttcous membrane, is of a thin, sofl texture, 
and consists of a mucous substance, which, in negroes is black, and 
is the cause of their skin appearing of that colour. 
Caroline. Is then the external skin of negroes white like ours? 
Mrt. B. Tes ; but as the cuticle is transparent, as well as porous, 
the blackness of the mucous membrane is risible through it. The 
extremities of the nerves are spread over this skin, so that the sen- 
sation of feeling is transmitted through the'cuticle. The internal 
covering of the muscles, which is properly the skin, is the thickest 



1356. How are the nerves made subservient to the purposes of 
hearing, seeing, smelling, and tasting ? 

1357. By what are the different parts of the animal body connect- 
ed together? 

1358. Of bow many coats is the skin formed, and what are they 
called ? 

1359. Where is the colour of the skin ? 

1360. If the colour is in the second coat, why is it so easily Mtn? 



OF TBB AlflMAI. 19CONOMT. 8(M 

the toughest, ahd the most resistiog of the whole ; it is this mem- 
brane which is 80 essential in the arts, by forming leather when 
combined with tannin. 

The skin which covers the animal bodj, as well^s those mem- 
branes that form the coats of the vessels, consists almost exclusive- 
ly of gelatine ; and is capable of being converted into glue, tize^ 
or jelly. 

The cavities between the muscles and the skin are usually filled 
with fat, which lodges in the cells of the membranous net before 
mentioned, and gives to the external form (especially in the human 
figure) that roundness, smoothness, and softness, so essential to 
beauty. 

Emily. And the skin itself is, I think, a very ornamental part of 
the human frame, both from the fineness of its texture, and the va- 
riety and delicacy of its tints. 

Mrs. B, This variety and harmonious gradation of colours, pro- 
ceed, not so much from the skin itself, as from the internal organs 
which transmit their several colours through it, these tints being 
only softened and blended by the colour of the skin, which is uni> 
formly of a .veliowish white. 

Thus modified, the darkness of the veins appears of a pale i>lue 
colour, and the floridness of the arteries is changed to a delicate 
pink. In the most transparent parts, the skin exhibits the bloom of 
the rose, whilst where it is more opaque, its own colour predomin- 
ates; and at the joints, where the bones are most prominent, their 
whiteness is often discernible. In a word, every part of the human 
frame seems to contribute to its external ornament; and this not 
merely by producing a pleasing variety of tints, but by a peculiar 
kind of'beauly which belongs to each mdividual part. Thus it is 
to the solidity and arrangement of the bones that the human figure 
owes the grandeur of its stature, and its firm and dignified deport- 
ment. The muscles delineate the form, and stamp it with energy 
and grace, and the soft substance which is spread over them smooths 
their ruggedness, and gives to the contour the gentle undulations 
of the line of beauty. Every organ of sense is a peculiar and sep- 
arate ornament ; and the skin, which polishes the surface, and 
gives it that charm of colouring so inimitable by art, finally con- 
spires to render the whole the fairest work of the creation. 

But now that we have seen in what manner the animal frame is 
formed, let us observe how it provides for its support, and how the 
several organs, which form so complete a whole, are nourished and 
maintained. 

This will lead us to a more particular explanation of the internal 
organs ; here we shall not meet with so much apparent beauty, be- 
cause these parts were not intended by nature to be exhibited to 
yiew ; but the beauty of design, in the internal organization of the 
linimal frame, is, if possible, still more remarkable than thai of the 
external parts. 

We shall defer this subject till our next interview. 

1361. Of what does the skin consist? 

1362. On what is the human complexion, or oeloar defModiogtbe* 
Bides the skin } 

26 
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CONVERSATION XXY. 

ON ANIMALISATION, NUTRITION, AND RESPIRATION. 

Jfrt. B. We have dow learnt of what materials the aDimal 83^ 
teni is composed, and have foi^med some idea of the nature of its or- 
ganization. In order to comj^Iete the subject, it remains for us to 
OKamioe in what manner jt is nourished and supported. 

Vegetables, we hare observed, obtain their nourishment from va- 
rious substances, either in their elementary state, or in a very sim- 
ple state of combination ; as carbon, water, and salts, which tbej 
pump up from the sojl ; and carbonic acid and oxygen, which they 
absorb from the atmosphere. 

Animals, on the contrary, feed on substances of the most compli- 
cated kind ; for they derive their sustenance, some from the animal 
creation, others from the vegetable kingdom, and some from both. 

Caroline, And there is one species of animals, which, not satisfied 
with enjoying either kind of food in its simple state, has invented 
the art of combining them together in a thousand ways, and of ren- 
dering even the mineral kingdom subservient to its refinements. 

Emily. Nor is this all ; for our delicacies are collected from the 
various climates of the earth, so that the four quarters of the globe 
are often obliged to contribute to the preparation of our simplest 
dishes. 

Caroline, But the very complicated substances which constitnte 
the nourishment of animals, do not, I suppose, enter into the sys- 
tem in their actual state of combination? 

Mn, B, So far from it, that they not only undergo a new ar- 
rangement of their parts, but a selection is made of such as are 
most proper for the nourishnent of the body, and those only enter 
into the system, and are animalised. 

Emily. And by what organs is this process performed ? 

Mrs.B, Chiefly by the stomach, which is the organ of digestion, 
and the prime regulator of the animal frame. 

Digestion is the first step towards nutrition. It consists in redo- 
oing mto one homogeneous mass the various substances that are 
taken as nourishment ; it is performed by first chewing and mixing 
the solid aliment with the saliva, which reduces it to a soft mass, in 
which state it is conveyed into the stomach, where it is more com- 
pletely dissolved by the gastric juice. 

This fluid (which is secreted into the stomach by appropriate 
glands) is so powerful a solvent, that scarcely any substances will 
resist its action. 

Emily, The coats of the stomach, however, cannot be attacked 
by it, otherwise we should be in danger of having them destroyed 
when the stomach was empty. 

1363. What is the subject of the 25th Conversation ? 

1364. Do the substances which constitute the nourishment of an- 
imals enter into their system, in their actual state of combination? 

1365. Where is the digestion performed? 

1366. What is the first operation in digestion ? 
1S67. What office is performed by the gastric juice ? 
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Mrt. B. They are probabljr not subject to its action ; at Iodj^, at 
least, as life cootinues. But it appears, that when the gastric juios 
has no foreig^n substance to act upon, it is capable of occasioning a 
degree of irritation in the coats of the stomach, which produces th« 
sensation of hunger. The gastric juice, together with the heat and 
muscular action of the stomach, concerts the aliment into an uni> 
form, pulpy mass, called cbjme. This passes into the intestines, 
where it meets with the bile and some other fluids, by the agency of 
which, and by the operation of other causes hitherto unknown, the 
chyme is changed into chyle, a much thinner substance, somewhat 
resembling milk, which is pumped by immense numbers of small 
absorbent Tessels spread over the internal surface of the intestines. 
These, after many circumvolutions, gradually meet and unite into 
lar^^e branches, till they at length collect the chyle into one yessel, 
which pours its contents into the great vein near the heart, by which 
means the food, thus prepared, enters into the circulation. 

Caroline, But I do not yet clearly understand how the blood 
thus formed, nourishes the body and supplies all the secretions f 

Jtfrt. B. Before this can be explained to you, you must first alloir 
me to complete the formation of the blood. The chyle may, indeed, 
be considered as forming the chief ingredient of blood : but this fluid 
is not perfect until it has passed through the lungs, and undergone 
(together with the blood that has already circulated] certain necet- 
sary changes that are efiected by respiration. 

Caroline. I am very glad that you are going to explain the na- 
ture of respiration : I have often longed to understand it ; for though 
we talk incessantly of breathing, I never knew precisely what pur- 
pose it answered. 

Jtfrt. B. It is, indeed, one of the most interesting processes ima- 
ginable ; but in order to understand this function well, it will be 
necessary to enter into some previous explanations. Tell me, Em- 
ily, what do you understand by respiration ? 

Emily. Respiration, I conceive, consists simply in alternately 
impiring air into the lungs, and expiring it from them. 

Jifrf. B. Your answer will do very well as a general definition. 
But, in order to form a tolerably clear notion of the various nhenoov- 
ena of respiration, there are many circumstances to be taken into 
consideration. 

In the first place, there are two things to be distinguished in res- 
piration, the mechanical and the chemical part of the process. 

The mechanism of breathing depends on the alternate expansions 
and contractions of the chest, in which the lungs are contained. 
When the chest dilates, the cavity is enlarged, and the air rushes in 
at the mouth, to fill up the vacuum formed by this dilatation ; wheo . 
it contracts, the cavity is diminished and the air forced out ag^in. 

1368. How is the sensation of hunger produced : 

1369. At what state of animalisation is the aliment called chyrat ? 

1370. Into what is it next changed ? 

1371. How does chyle differ from chyme ? 

1372. What forms the chief ingredient of blood ? 

1373. What is respiration ? 

1374. On what depends the mechanism of breathing f 

1375. What takes place when the chest dilates? 
1370. What takes place when it contracts? 
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ofbreatliinf. 



CkroUm. I thought that it was the liMigs that (Sotttracted and ex. 
paoded in breathing. 

Jtfr*. B. Thej do likewise; bat their action is ooty the conse- 
<l«eiio« of that of the chest. The lonrs, together with the heart and 
largest blood vessels, io a manoer fill up the carity of the chest; 
they could not, therefore, dilate, if the chest did not previously eX' 
paiid ; and, on the other hand, when the chest contracts, it com* 
presses the lungs, and forces the air out of them. 

CaroHne, The lungs, then, are like bellows, and the chest is the 
power that works them. 

Fig. 36. 

Mrs. B. Precisely so. Here is a curious App*nktwtoiUaitnitetbtB 
Uttle figure which will assist me in explain- 
ing the mechanism of breathing. 

Caroline, What a droll figure ! a little 
head fixed upon a glass bell, with a blad- 
der tied over the bottom of it. 

Mrt, B. You must observe that there is 
aiK>ther bladder within the glass, the neck 
of which communicates with the mouth of 
tfao fi^re-^this represents the lungs con- 
tsiDBd within the chest ; the other bladder, 
which you see is tied loose, represents a 
muscular membrane, called the dia- 
pkragm which separates the chest from 
the lower part of the body. By the chest, 
therefore, I mean that large cavity in the 
upper part of the body contained within 
the ribs, the neck, and the diaphragm ; 
tins membrane is muscular, and capable 
of CODtractioo and dilatation. The con- 
traction may be imitated by drawing the 
blhdder ttghtover the bottom of the' receiv- 
er, as I can easily do by squeezing it in my 
hand, when the air in the bladder, which 

represents th« lungs, will be forced out . ,, _ 

*^b the moath Sf the figare- tetif^C'clMi^S: 

rtMDtinf the Diaphnm.. . 

EimUy. See, Caroline, how it blows the flame of the candle m 
breathing ! 

Jtfrt . B, By letting the bladder loose again, we imitate the dila- 
tiitton 6f the diaphragm, and the cavity of the chest being enlarg^ed, 
the lungfs expand, and the air rushes m to fill them. 

Emily* This figure, I think, gives a very clear idea of the proce« 
of breathing. . 

Jlfrt. B. It illustrates, tolerably well, the action of the lungs and 
diaphragm ; but those are not the only powers concerned in tbeen- 
laifement or diminution of the cavity of the chest ; the ribs are also 
possessed of a muscular motion for the same purpose ; they are u* 
temately drawn in, edgeways, to assist the contraction, and stretch- 

IS77. On what does the expansion and contraction of the lung* 
depend? 

1378. What part of the body is called the chest ? 
1S79. How would you explara figure 36? 
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ed out, like the hoops of a barrel, to coo tribute to the dilation of 
the chest. 

Emily. I always supposed that the eleration aod depression of 
the ribs were the consequence, not the cause, of breathing. 
' Jlrs.B. It is exactly the reverse. The muscular action of th« 
diaphragm, together with that of the ribs, are the aauses of the con- 
traction and expansion of the chest ; and the air rushing into, and 
being expelled from the lungs, are only consequences of those actions. 

Caroline, 1 confess that 1 thought the act of breathing beg^n by 
opening the mouth for the air to rush in, and that it was the air 
alone, which, by alternately rushing in and out, occasioned the di- 
lations and contractions of the lungs and chest. 

Mrs, B, Try the experiment of merely opening your mouth : 
the air will not rush in, till by an internal muscular action you pro- 
duce a vacuum — yes, just so, your diaphragm is now dilated, aod 
the ribs expanded. But you will not be able to keep them long in 
that situation. Your lungs and chest are already resuming their 
former state, and expelling the air with which they had just been 
filled. This mechanism goes on more or less rapidly ; but, in gene- 
ral, a person at rest and in health will breathe between fifteen and 
twenty-five times in a minute. 

We may now proceed lo the chemical effects of respiration ; but, 
for this purpose, it is necessary that you should previously have 
some notion of the circulation of the blood. Tell me, Caroline, 
what do you understand by the circulation of the blood ? 

Caroline, I am delighted that you have come to this subject ; for 
it is one that has long excited my curiosity. But I cannot conceire 
how it is connected with respiration. The idea that I have of the 
circulation is, that the blood runs from the heart through the veins 
all over the body, and back again to the heart. 

Jlfrt. B, I could hardly have expected a better definition from 
you : it is, however, not quite correct ; for you do not distinguish 
the arteries from the veins, which, as we have already observed, 
are two distinct sets of vessels, each having its own peculiar func- 
tions. The arteries convey the blood from the heart to the extre- 
mities of the body ; and the veins bring it back into the heart. 

This sketch will give you an idea of the manner in which some 
of the principal veins and arteries of the human body branch out of 
the heart, which may be considered as a common centre to both sets 
of vessels. The heart is a kind of strong elastic bag, or muscular 
cavity, which possesses a power of dilating itself, for the purposes 
of alternately receiving and expelling the blood, in order to carry 
on the process of circulation. 

Emily, Why are the arteries in this drawing painted red, and 
the veins purple ? 

J\iri, B, It is to point out the difference of the colour of th« 
blood in these two sets of vessels. 

(380. What office do the ribs perform P 

1381. What causes the contraction and expansion of the chest ? 
138^ How many times will a person, well and at rest, breathe 
in a minute f 

1383. In what manner is the circulation of blood carried on i 

1384. How is the heart described? 



. . O ji rofiiM . Bot if it 11 tbo same blvod which flows from the arte* 
net into the Yeini, how can it« colour be changed ? 

JICr#. B. Tbii change arisei from Tarious oircnoistanoee. In the 
fint place, dnrinr its passage through the arteries, the blood under- 
goes a considerable alteration, some of its constituent parts being 
gradaaily separated from it for the purpose of nourishing the body, 
and of supplying the Tarious secretions. In consequence of this, 
the florid arterial colour of the blood changes by degrees to a deep 
purpls, which is its constant colour in the reins On the other 
nand, the blood is recruited during its return through the veins by 
the fresh chyle, or imperfect blood, which has been produced by 
food ; and it receives also lymph from the absorbent vessels, as we 
have before mentioned. After having undergone these several 
ohaoges, the blood returns to the heart in a stste very different 
firom that in which it left it It is loaded with a greater proportion 
of hydrogen and carbon, and is no longer fit for the nourishment 
of the body, or other purposes of circulation. 

Emily » And in this state does it mix in the heart with the pure 
florid blood which runs into the arteries? 

Jtfr«. B. No. The heart is divided into two cavities, or com- 
partitions, called the right and left ventricles. The left ventricle is 
the receptacle for the pure arterial blood, previous to its ciroula- 
lion; whilst the venous, or impure blood, which returns to the 
heart after baring circulated, is received into the right ventricle, 
previous to its purification, which I shall presently explain. 

Caroline* I own that I always thought the same blood circulated 
again and again through the body, without undergoing anjr change. 

Mrs. B. Yet you must have supposed that the blood circulated 
for some purpose. 

Caroline. I knew that it was indispensable to life ; but had no 
idea of its real functions. 

Mrs, B. But now that yon understand that the blood conveys 
nourishment to every part of the body, and supplies the various 
secretions, you must be sensible that it cannot constantly answer 
these objects without being proportionally renovated and purified. 

Caroline. But does not the chyle answer this purpose ? 

J^rs. B, Only in part. It renovates the nutritive principles of 
the blood, but does not relieve it from the superabundance or water 
and carbon with which it is encumbered. 

Emily. How, then, is this effected ? 

Jtfrv. B. By Respiration. This is one of the grand mysteries 
which modem chemistry has disclosed. When the venous blood en- 
ters the right ventricle of the heart, it contracts, by its muscular 
power, and throws the blood through a large vessel into the lungs, 
which are contiguous, and through which it circulates by millions of 

1385. How does the arterial differ from the venous blood ? 

1386. Does the venous blood mix with the arterial in its return 
to the heart ? 

1S87. How is nourishment conveyed to different parts of the bod?.^ 

1388. How does the chyle serve to renovate and purify the blood ? 

1389. How is the blood relieved from its superabundance of wa- 
ter and carbon > 
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•M^l ntmificationt. Here it comes in contiief^ with the %it irhich 
we breathe. The actioa of the air on the blood in the inngps, is {in- 
deed, concealed from oar immediate observation ; but we are able 
to form a tolerable accurate judgment of it from the cbaopes wbich 
H effects, not only in the blood, but also on the air expired. 

The air, after passing through the lungs, is found to contain all the 
nitrogen inspired, but to have lost part of its oxygen, and to have 
acquired a portion of watery vapour, and of carbonic acid gas. — 
Hence it is inferred, that when the aii'comes in contact with the 
Teoous blood in the lungs, the oxygen attracts from it (he supera- 
bundant quantity of carbon with which it has impregnated itself 
daring the circulation, add converts it into carbonic acid. This 
gaseous acid, together with the redundant moisture from the lung^f 
Being then expired, the blood is restored to its former purity, that 
B8, to the state of arterial blood, and is thus again enabled to perform 
its various functions. 

Caroline. This is truly wonderful ! of all that we hare yet learn- 
ed, I do not recollect any thing that has appeared to me so curious 
and interesting. I almost believe that I should like to study anato- 
my now, though I have hitherto had so disgusting an idea of it. — 
Pray, to whom are we indebted for these beautiful discoveries? 

Jirs. B. Priestly and Crawford, in this country, and Lavoisier, 
in France, are the principal inventors of the theory of respiration. 
Of late years the subject has been farther illustrated and simplified 
by the accurate experiments of Messrs. AUyn and Pepys. But the 
sttn more important and more admirable discovery of the circula- 
tion of the blood was made long before by our immortal country- 
man, Hervey. 

Emily, Indeed, I never heard any thing that delighted me so 
much as this theory of respiration. But 1 hope, Mrs. B., that yoa 
will enter a little more into particulars before you dismiss so inter- 
esting a subject. We left the blood in the lungs to undergo the 
talatary change ; but how does it thence spread to all the parts of 
the body ? 

Jdrs. B, After circulating through the lungs, the blood is collect- 
ed into four large vessels, by which it is conveyed into the left ven- 
tricle of the heart, whence it is propelled to all the different parts 
of the body by a large artery, which gradually ramifies into mil- 
lions of small arteries through the whole frame. From the extrem- 
ities of these little ramifications the blood is transmitted to the veins, 



* Not in actual contact. In this case it is obvious there would be 
nothing to confine the blood and prevent its flowing out. The air 
cells are separated from the blood vessels by an extremely thin 
membrane. — C. 

t The quantity of moisture disoharged by the longs in 24 hoars, 
may be computed at eight or nine ounces. 

1390. What effect does respiration have on the air we breathe? 

1391. What becomes of the blood when it has become purified in 
circalating through the lungs? 

1392. Who were the inventors of the received theory of respira- 
tion ? 

1393. Who discovered the circulation of the blood ? 

1394. After the blood is purified in the lungs, how is it spread lo 
the various parts of the body ? 



308 OH BSSPIRATIOir. 

vliich brings it back to the heart and lungs, to go roynd again and 
again ia the maoDer we have just described. You see, therefore, 
(bat the blood actually undergoes two circulations ; the one, tbrougb 
(be luDgs, by which it is converted iuto pure arterial blood ; tbs 
Other, a general circulation by which nourishment is conveyed to 
every part of the body ; and these axe both equally indispensable 
to the support of animal life. 

Emily. But whence proceeds the carbon with which the blood ii 
impregnated when it comes into the lungs ? 

J^rs, B. Carbon exists in a greater proportion in blood than in 
organized animal matter. The blood, therefore, after supplying iti 
various secretions, becomes loaded with an excess of carbon, which 
is carried off by respiration ; and the formation of new chyle from 
the food affords a constant supply of carbonaceous matter. 

Caroline. I wonder what quantity of carbon may be expelled 
from the blood by respiration in the course of 24* hours? 

Jtfrf. B. It appears by the experiments of Messrs. Allen andP»> 
pys that about 40,000 cubic inches of carbonic acid gas, are emit- 
ted from the lungs of a healthy person, daily ; which is equivalent 
to eleven ounces of solid carbon every 24 hours. 

Emily. What an immense quantity! And pray how much of 
carbonic acid gas do we expel from our lungs at each respiration? 

Mrs. B. The quantity of air which we take into our lungs at 
each inspiration, is about 40 cubicjnches, which contains a little less 
than 10 cubic inches of oxygen ; and of those 10 inches, one-eighth 
is converted into carbonic acid gas on passing once through the 
langs,* a change sufficient to preV^ent air which has only been 
breathed once from suffering a taper to burn in it. 

Caroline. Pray how does air come in contact with the blood in 
the lungs ? 

Jdrs^B, I cannot answer this question without entering into an 
explanation of the nature and structure of the lungs. You recollect 
that the venous blood, on being expelled from the right veatricli 
enters the lungs to go through what we call the lesser circulation; 
the large trunk or vessel conveys its branches out, at its entrancs 
into the lungs, into an infinite number of very fine ramifications. 
The wind-pipe which conveys the air from the mouth into the lunw, 
likewise spreads out into a corresponding number of air vesseli} 
which follow the same course as the blood vessels, forming millioni 
of very minute air cells. These two sets of vessels are so interwo- 
ven as to form a sort of net- work, connected into a kind of spongy 
mass, in which every particle of blood must necessarily cooid in 
contact with a particle of air. 

* The bulk of carbonic acid g^as formed by respiration, is exactly 
tbe same as that of the oxygen gas which disappears. 

1395. Whence proceeds the carbon with which the blood is ifli- 
pregnated on its return to the lun^s ? 

1396. What quantity of carbon is expelled from the blood by pe»" 
jff ration in 24 hours ? 

1397. What is the quantity of air we take into oar lungs at each 
rsspiration ? 

1398. How does the air come in contact with the blood in tbi 
lungs? 
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Caroline. But since tb« blood and the aii* tfd oontained in differ- 
ent vessels, bow can they come in contact P 

Jirs. B, Tliey act on each other through the membrane which 
forms the coats of these vessels; for although this membrane pre- 
vents the blood and the air from mixing together in the iunga, yet it 
is no impediment to their chemical action on each other.* 

Emily, Are the lungs composed entirely of blood vessels and air 
vessels? 

J^rs, B, I believe they are, with the addition only of nerves and 
of a small quantity of the cellular substaoce before- mentioned, 
which connects the whole into a uniform mass. 

Emily. Pray, why are the lungs always spoken of in the plural 
DDmber? Are there more than one f 

J^rs. B. Yes ; for though they form but one organ, they really 
consist of two compartments, called lobes^ which are enclosed in sep- 
arate membranes or bags, each occupying one side of the chest, and 
being in close contact with each other, but without communicating 
together. This is a beautiful provision of nature, in consequence of 
which, if one of the lobes be wounded, the other performs the whole 
process of respiration till the first is healed. 

The blood, thus completed, by the process of respiration, forms 
the most complex of all animal compounds, since it contains not on- 
ly the numerous materials necessary to form the various secretions, 
as saliva, tears, &c., but likewise all those that are required to 
nourish the severad parts of the body, as the muscles, bones, nerves, 
glands, Sic** 



* It is not absolutely certain that the change which the blood un- 
dergoes in the lungs is entnrely owing to the loss of carbon *, since 
experiments shew that any animal substance, even the hand, when 
confined in a portion of atmospheric air, lessens the quautity of ox- 
ygen and produces a corresponding quantity of carbonic acid. It 
IS possible then, that the carbon produced by respiration, may be 
owing merely to the contact between the air and the lungs. — C. 

f The process of secretion does not consist merely in the separa- 
tion of certain materials from the blood by the secreting organ ; but 
in manv instances, entirely new products are formed, no traces of 
which nave been detected in the blood. For instance, the solid 
matter of the bones is derived from the blood, yet not a particle of 
phosphat of lime, (a substance composing the basis of the bone,) is 
found in it. It appears, then, that the glands which are the organs 
of secretion, hiive the power of producing from the ultimate atoms 
of the blood, the variety of products peculiar to each. Thus, the 
glands situated about the eyes secrete the tears, a saline, pellucid 
fluid ; while the liver secretes from the same source, the bile, a green- 
ish, opake, bitter, and extremely nauseous substance. It is most 
probable that we shall ever remain in profound ignorance, of any 
mode of imitating these operations. — C. 

1399. If the blood and air are contained in separate vessels, how 
can they come in contact ? 

1400. Are the lungs entirely composed of blood and air vessels? 

1401. Why are the lungs spoken of in the plural number? 

1402. What forms the most complex of all the animal compounds? 
^403. What M »aid ofncretion in the note ? 
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ISjnily. There leems to be a singular analogfj betweeo the bUfod 
of aflimals and the sap of ? eg^tables ; for each of these fluids coiu 
taios the several materials destined for the nutritioa of the namer- 
oui class of bodies to which the^ respectively belong. 

Mrs, B. Nor is the production of these fluids in the animal and 
Te^etable systems entirely different ; for the absorbent Yessets 
wbich pump up the chyle from the stomach and intestines, may be 
compared to the absorbents of the roots of plants, which suck np 
the nourishment from the soil. And the analogy between the sap 
and the blood may be still further traced, if we follow the latter in 
fhe course of its circulation ; for in the living animal, we 6nd every 
where organs which are possessed of a power to secrete from tl^ 
blood and appropriate to themselves the ingredients requisite for 
their support. 

Caroline. But whence do these organs derire their respective 
powers? 

•/tfrt. B. From a peculiar organization, the secret of which do 
43ne has yet been able to unfold. But it must be ultimately bj 
means of the vital principle that both their mechanical and coem>- 
cal powers are brought into action. 

I cannot dismiss the subject of circulation without mentioning 
perspiralion, a secretion which is immediately connected with i^ 
and acts a most important part in the animal economy. 

Caroline, Is not this secretion likewise made by appropriate 
glands ? 

Jtfrt. jB. No; it is performed by the extremities of the arteries, 
wliieh penetrate through the skin and terminate under the cuticlfl^ 
through the pores of which the perspiration issues. When this flu- 
id is not secreted in excess, it is insensible, because it is dissolved 
by the air as it exudes from the pores ; but when it is secreted 
faster than it can be dissolved it becomes semibhy as it assumes its 
liquid state. 

Emily. This secretion bears a striking resemblance to the trans- 
piration of the sap of plants. They boUi consist of the most fluid 
parts, and both exude from the surface by the extremities of the 
vessels through which they circulate. 

Jlfrt. B, And the analogy does not stop there ; for, since it has 
been ascertained that the sap returns into the roots of the plantsi 
the resemblance between the animal and vegetable circulation is 
become still more obvious. The latter, however, is far from being 
complete, since, as we observed before, it consists only in a rising 
and descending of the sap, whilst in animals the blood actually ctr- 
mUatet through every part of the system. 

We have now, I think, traced the process of nutrition, from tb0 
introduction of the food into the stomach, to its finally becoming a 
constituent part of the animal frame. This will, therefore, be a fit 
period to conclude our present conversation. 

What further remarks we have to make on the animal economy 
iball be reserved for our next interview. 

1404. What analogy is there between the blood of animals and 
T<igetables ? 

1405. Whence do the several organs derive their respective powertf 
J 406. How does perspiration take place? 

1407. When is perspiration insensible ? 

1408. When does it become sensible.' 
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CONVERSATION XXTI. 

ozr AivniAL heat; and oh vabious aiomal pbobijots. . 

Emily. Since our last ioteiriew, I bare been tbinkine mncb of 
the tbeory of respiration ; and I cannot help being struck with the 
resemblance which it appears to bear to the process of combustion. 
For in respiration, as in most cases of combustion, the air suffers a 
change, and a portion of its oxygen combines with carbon, pro- 
ducing carbonic acid gas. 

Jiirg. B. I am much pleased that this idea has occurred to jou ; 
these two processes appear so very analagous, that it has been sup- 
posed that a kind of combustion actually takes place in the lung^ ; 
Dot of the blood, but of the superfluous carbon which the oxygen 
attracts from it. 

Caroline* A combustion in our lungs ! that is a curious idea in- 
deed ! But, Mrs. B., how can jou call the action of the air on the 
hlood in the lungs combustion, when neither light nor heat are 
prodqced by it ? 

Emily. 1 was going to make the same objection. — Tet I do not 
conceive how the oxygen can combine with the carbon, and pro- 
duce carbonic acid without disengaging heat f 

J^rs, B. The fact is that heat is disengaged.* Whether any light 
be evolved, I cannot pretend to determine ; but that heat is pro- 
duced in considerable and very sensible quantities is certain ; and 
this is the principal, if not the only source of anim^il heat. 

Emily, How wonderful that the very process which purifies and 
daborates the blood, should afford an inexhaustible supply of in- 
ternal heat ? 

Mrs, B, This is the theory of animal heat in its original simplici- 
ty, such nearly as it was first proposed by Black and Lavoisier. It 
appeared equally clear and ingenious ; and was at first generally 
adopted. But it was objected on second consideration, that if the 
▼hole of the animal heat was evolved in the lungs, it would necess»- 
rily be much less in the extremities of the body, than immediately at 
its source ; which is not found to be the case. This objection, how- 
ever, which was by no means frivolous, is now satisfactorily removed 
by the following consideration :— Venous blood has been found by 

* It has been calculated that the heat produced by respiration in 
IS hours, in the lungs of a healthy person, is such as would melt 
about too pounds of ice. 

m ■ * . ■ ' ■ ■ ■ ■ ' - II ^ — . 

1409. What analogy is there between respiration and combnt- 
tion? 

1410. What is the principal source of animal heat? 

1411. What objection has been made to the hypothesis which as- 
cribes animal heat to respiration ? 

1412. If the whole of animal heat is evolved in the lungs, why if 
it not lets at the extremities of the body than at its source i 
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ezperimeDt to bare less capacity /or heat, tbao arterial blood ; 
whence it follows that the blood, in gradually passing' from the ar- 
terial to the yenous state, daring the circulation, parts with a por- 
tion of caloric, by means of which heat is diffused through every 
part of the body.* 

Emilp* Molr« and more admirable ! 

Caroline. The cause of animal heat was always a perfect mystery 

* This is substantially Dr. Crawford's theory of animal beat : and 
that it is a most beautiful and ingenious one cannot be denied. Sub- 
sequent experiments have, however, proved its fallacy. Dr. John 
Davy has shown that the difference of capacity for heat, between th9 
two kinds of blood is much less than was supposed by Dr. Crawford ; 
the capacity of arterial being only one per cent, above that of ve- 
, nous blood. Now it is obvious that this minute difference cannot ao- 
count for animal temperature ; nor is it certain that even this small 

aoantity of heat is given out to the system. Another objection is 
le result of an experiment of Mr. Brodie. This indeed seems to 
settle the question that animal heat does not depend on any change 
which the blood undergoes in the lungs. He found that on keepiiw 
up an artificial respiration in the lungs of a decapitated animal, the 
blood was changed from black to red, and carbonic acid was giv- 
en out as usual ; but that the animal grew cold faster than another 
dead one, where such artificial respiration was not kept up. 

This, it is obvious would be the case, unless heat was caused by 
respiration, as the air forced into the lungs would tend to cool tbs 
animal. 

Prof. Cooper, of Philadelphia, proposes another theory. " I set 
no material difficulty,*' says he, '* in accounting for the production 
of animal heat from the doctrine of latent heat. The fluids of the 
body are incessantly employed to renew the solids ; when a fluid 
is converted into a solid, heat or caloric is precipitated. This takes 
place every moment very gradually in every part of the system." 

We are ignorant of the train of arguments by which the learned 
Professor supports his theory. But, if on the one hand, the conver- 
sion of a fluid into a solid produces heat, so it is equally well nroved, 
that the conversion of a solid into a fluid produces cold. Now the 
solid parts of the body, after being deposited from the fluids, are 
again converted into fluids by the absorbents. This theory, thea, 
accounts for the production of heat onl) when the deposition is 
greater than the absorption, as during the growth of the system. 

From some experiments, made by Mr. Brodie, and Dr. Philin, 
they hare been induced to believe that animal temperature depeodi 
on the influence of the nerves. ^^ 

In regard to this theory, it may be observed, that in some instao- 
ces where the nervous influence seems to be suspended, the heat of 
the part remains much the same as in health. 

This subject has excited the attention of the learned and cariooi 
in all ages, and a great vai^iety of theories have been offered to ao- 



1413. What objection is there to Dr. CravforcPe theqry Q/Q$uwMf 
heat? 

1414. What is Professor Cooper'* s theory ofammatheat? 

1416. Whai was the opinion of J^r. Brodie, and Dr. Philip, on 
f^ svbfect of antmal heat ? 
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fo me, aDd I am delig^bted with its explanation. But, pray, Mrs. B. , 
can you tell me what is the reason of the increase of heat that takes 
place in a fever ? 

Emily, Is it not b/acause we then breathe quicker, and, there- 
fore, more heat is diseDefaged in (he system ? 

J^rs. B. This may be one reason : but I should think that the 
principal cause of the heat experienced in fevers, is that there is no 
vent for the caloric which is generated in the body. One of the 
most considerable secretions is the insensible perspiration ; this is 
constantly carrying* off caloric in a latent state ; but during the hot 
stage of a fever, the pores are so contracted, that all perspiration 
ceases, and the accumulation of caloric in the body occasions those 
burning sensations which are so painful. 

EmUy, This is, no doubt, (he reason why (he perspiration which 
often succeeds the hot stage of a fever, affords so much relief. If I 
had known this theory of animal heat when I had the fever last 
summer, I think I should have found some amusement in watching 
the chemical processes that were going on within me. 

Caroline. But exercise likewise produces animal heat, and that 
must be quite in a different man nen 

Jlfrt. B. Not so much as you think ; for the more exercise you 
take, the more the body is stimulated, and requires recruiting. For 
this purpose, the circulation of the blood is quickened, the breath 
proportionally accelerated, and consequently a greater quantity of 
caloric evolved. 

Caroline. True; after running very fast, I gasp for breath, my 
respiration is quick and hard, and it is just then that I begin to feel 
hot. 

Emily, It would seem, then, that violent exercise should produce 
fever. 

Jdn, B, Not if the person is in a good state of health ; for the 
additional caloric is then carried off by the perspiration which suc- 
ceeds. 

Emily. What admirable resources nature has provided for us ! 
By the production of animal heat she has enabled us to keep up the 
temperature of our bodies above (hat of inanimate objects; and 
whenever this source becomes too abundant, (he excess is carried 
off by perspiration. 

Mrs, B. It is by the same law of nature thai we are enabled, in 
all Climates, and in all seasons, to preserve our bodies of an equal 
temperaturej or at least very nearly so. 

Caro/tne. Tou cannot mean to say that our bodies are of the 
«Lme temperature in summer, and in winter, in England, and in the 
W«st Indies 1 



count for it. We have seen none, however, to which insuperable 
objections may not be brought. We must, therefore, at present 
be contented with attributing the production of animal warmth to 
the energies of the viial principle ; leaving it to future generations 
to determme and define its immediate cause. — C. 

1416. What is the reason of heat in a fever f 

1417. Why does exercise produce an increase of animal heat ? 

1418. Why does not violent exercise produce fevers ? 

27 
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Mr$, B, Tes, I do ; at least if yoa speak of (be temperature of 
the blood, and the internal parts of the body : for those which are 
immediately in contact with the atmosphere, such as the bands and 
fkce,will occasionally ^t warmer, or colder, than the internal or 
more sheltered parts. " If you put the bulb of a thermometer in 
your mouth, which is the best way of ascertaining the real tempera- 
ture of your body, you will scarcely, perceive any difference m iti 
indication, whatever may be the difference of temperature of the 
atmosphere. 

Caroline. And when I feel overcome by heat, I am really not 
hotter than when I am shivering with cold? 

Mrs, B. When a person in health feels very hot, whether from 
internal heat, from violent exercise, or from the temperature of the 
atmosphere, his body is certainly a little warmer than when he feels 
Tery cold ; but this difference is much smaller than our sensatioDS 
would make us believe ; and the natural standard is soon restored 
by rest and by perspiration. It is chiefly the external parts that are 
warmer, and lam sure you will be surprised to hear that the inter- 
nal temperature of the body scarcely ever descends below ninety- 
five or ninety-six degrees, and seldom attains one hundred and four, 
or one hundred and five degrees, even in the most violent fevers. 

Emily. The greater quantity of caloric, therefore, that we receive 
from the atmosphere in summer, cannot raise the temperature of 
onr bodies beyond certain limits, as it does that of inanimate bodies, 
because an excess of caloric is carried off by perspiration. 

Caroline. But the temperature of the atmosphere, and conse- 
quently, that of inanimate bodies, is surely never so highastbatof 
animal heat. 

Mn. B. 1 beg your pardon. In the East and West Indies, and 
sometimes in the southern parts of Europe, the atmosphere is fre- 
quently above ninety-eight degrees, which is the common tempera- 
ture of animal heat. Indeed, even in this country, it occasionally 
happens that the sun^s rays, setting full on an object, elevate its 
temperature above that point. 

In illustration of the power which our bodies have to resist the 
effects of external heat, Sir Charles Blagden, with some other gen- 
tlemen, made several very curious experiments. He remained for 
some time in an oven heated to a temperature not much inferior to 
that of boilinor water, without suffering any other inconvenience than 
a profuse perspiration, which he supported by drinking plentifnlly. 

Emily ' He could scarcely consider the perspiration aS anincon^ 
venience, since it saved him from being baked by giving vent to 
the excess of caloric. 

CaroHne- I always thought, I confess, that it was from the beat 
of the perspiration that we suffered in summer. 

Mrt, B. You now find that you are quite mistaken.— Whenever 
evaporation takes place, cold, you know, is produced in conse- 
quence of a quantity of caloric being carried off in a latent state; 

1449. Does the degree of animal heat vary with the change of 
cb'mate ? 

1420. Hoip is it that the temperature of the body remains eneo- 
tially the same in summer and winter, and in different climates? 

1421. Whatexperiroentwas made by Sir Charles Bls^den upon 
this subjects 
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this is the cas^ with persptration, and it is in this way that it afibrds 
relief. It is on that accoant, also, that we are so apt to catch cold^ 
when in a state of profuse perspiration. It is for the same reasoii 
that tea is most refreshing in summer, thoug'h it appears to heat 
you at the moment you drink it. 

Emily. And in the winter, on the contrary, tea is pleasant on 
account of its heat. 

Mrs, B, Yes ; for we hare then to g-uard rather against a defi- 
ciency than an excess of caloric, and you do not find that tea will 
excite perspiration in winter, unless after dancing*, or any other 
violent exercise. 

Caroline. What is the reason that it is dangerous to eat ice after 
dancini?, or to drink any thing cold when one is very hot .'' 

*Mr9. B. Because the loss of heat arising from the perspiration, 
conjointly with the chill occasioned by the cold draught, produced 
more cold than can be borne with safety, unless you continue to use 
the same exercise after drinking that you did before ; for the heat 
occasioned by the exercise will counteract the effects of the cold 
drink, and the danger will be removed. You may, however, con- 
trary (o the common notion, consider it as a rule, that cold liquids 
may at all times be drunk with perfect safely, however hot you 
nay feel,''' provided you are not at the moment in a state of great 
perspiration, and on condition that you keep yourself iti gentle ex- 
ercise afterwards. 

Eniily. But since we are furnished with such resources a^nst 
Hie extremes of heat and cold, I should have thoaght that all cli- 
mates would have been equally wholesome. 

Mrt, B. That is true, in a certain degree, in regard to those who 
have beea accustomed to them from birth ; for we find that the na- 
tives of those climates, which we consider the most deleterious, are 
as healthy as ourselves ; and if such climates are unwholesome to 
those who are habituated to a more moderate temperature, it is be- 
cause the animal economy does not easily accustom itself to con- 
siderable changes. 

Caroline* But, pray, Mrs. B. if the circulation preserves the 
bodv of an uniform temperature, how does it happen that animals 
are sometimes frozen ? 

JUn. B, Because, if more beat be carried off by the atmosphere 
than the circulation can supply, the cold will finally prevail, the 

* The common notion on this subject is certainly the most safe. 
A person heated, and almost exhausted by exercise on a hot day, 
ought never to drink any cold liquid, except in very small quanti- 
ties at a time. Not a summer passes but we hear of deaths by 
drinking" cold water after violent exercise. — C. 

1422. Why are we apt to take cold in a state of profuse perspira- 
tion ? 

1423. Why is hot tea refreshing in warm weather of summer? 

1424. Why is not a quantity of caloric carried off by the use of 
hot drink in winter, as well as summer ? 

1425. Why is it dangerous to drink cold water when in a state 
of profuse perspiration ? 

1426. If the circulation preserves the body of a uniform tempera- 
ture, bow does it happen that animals are sometimes frozen ? 
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heart will cease to beat, and the animal will be frozen. And, like- 
wise, if the body remained long^ exposed to a decree of heat, greater 
than the perspiration coold carrj off, it would, at least, lose the 
power of resisting its destroctiTe influence. 

Caroline. Fish, I suppose, have no animal heat,<bnt only partake 
of the temperature of the water in which they liye.^ 

Emily. And their coldness, no doubt, proceeds from their not 
breathing ? 

Mrs. D. All kinds of fish breathe more or less, though in a 
much smaller degree than land animals. Nor are they entirely des- 
titute of aoimal heat, though, for the same reason, they are much 
colder than other creatures. They hare comparatively but a yerr 
small quantity of Mood, therefore but very little oxygen is required, 
and a proportionally small quantity of animal heat is generated. 

Caroline. But how can fish breathe under water f 

Jtrs, B. Thej^' breathe by nteans of the air which is dissolved in 
the water ; and if you put them into water, deprived of air by boil- 
inr, they are soon suffocated. 

if a fish is confined in a vessel of water closed from the air, it 
so9n dies ; and any fish put in afterwards would be killed immedi- 
ately, as all the air had been previously consumed. 

Caroline. Are there any species of animals that breathe more 
than we do? 

Jdre, B. Tes ; birds, of all animals, breathe the greatest quantity 
of air in proportion to their size ; and it is to this tbat they are sup- 
posed to owe the peculiar firmness and strength of their raoscles, by 
which they are enabled to support the violent exertion of flying. 

This difference between birds and fish, which may be considered 
as the two extremes of the scale of muscular strength, is well worth 
observing. Birds, residing constantly with the atmosphere, sur- 
rounded by oxygen, and respiring in greater proportions than any 
other species of animals, are endowed with a greater degree of mus* 
cular strength, whilst the muscles of fish, on the contrary, are flac- 
cid and oily ; these animals are comparatively feeble in their mo- 
tions, and their temperature is scarcely above that of the water in 
which they live. This is, in all probability, owing to their imper- 
fect respiration : the quantity of hydrogen and carbon, that is in 
consequence accumulated in their bodies, forms the oil which is so 

* Animals belonging to the order Cetss of Naturalists, though 
they inhabit the sea, breathe atmospheric air, and have hot, red 
blood. This order includes whales, dolphins, narwals, &c. — C. 

1427. Why are fish colder than land animals ? 

1428. How can they breathe under water ? 

1229. How can it be proved that fish cannot live without air ? 

1430. What animals breathe the greatest quantity of air accord- 
ing to their size ? 

1431. To what is the firmness and great strength of muscles in 
birds owing ? 

1432. To what is the oily nature offish and amphibious animala 
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fttroDgiy diaracteristie of that species of aninials, aed which relaxes 
and softens the small quantity of fibrine which their muscles contaiD. 

Caroiine, But, Mrs. B„ there are some species of birds that fre- 
quent both eleftents, as, for instaDce, duoks and other water fowl^ 
CM" what nature is the flesh of these ? 

JTrs, B. Such birds, in ff^eral, make but little use of their 
wings ; if th^y fly, it is but ^bly, and only to a short distaDce.-^ 
Their flesh, too, partakes of the oily nature, and CTon in taste some- 
times resembles that of flsh. This is the case not only with the 
various kinds of water fowls, but with all other amphibious animals, 
as the otter, the crocodile, the lizard, &c. 

Caroline. And what is the reason that reptiles are so deficient io 
muscular strength ? 

•Mrs. B. It is because they usually live under ground and seldom 
come into the atmosphere. They have imperfect, and sometimes 
DO discernible organs of respiration ; they partake, therefore, of the 
soft oily nature of fish ; indeed many of them are amphibious, as 
frogs, toads, and snakes, and very few of them find any difficulty in 
remaining a length of time under water. * Whilst, on the contrary, 
the insect tribe, that are so strong in proportion to their size, and 
alert in their motions, partake of the nature of birds, air being their 
peculiar element, and their organs of respiration being compara- 
tively larger than in other classes of animals. 

I have now given you a short account of the principal animal 
functions. However inter^ting the subject may appear to you, a 
fuller investigation of it would, I fear, lead us too far from our ob<* 
ject. 

Emily, Yet i shall not quit it without much regret; for of all the 
applications of chemistry, these appear to me the most curious and 
most interesting. 

Caroline, But, Mrs. B., I must remind you that you promised to 
give us some account of the nature of milk, 

Mrs, B. True. There are several other animal productions that 
deserve likewise to be mentioned. We shall begin with milk, 
which is certainly the most important and the most interesting of 
ftll the animal secretions. 

Milk, like all other animal substances, ultimately yields by analy-* 
tis, oxygen, hydrogen, carbon, and nitrogen. These are combined 
in it under the forms of albumen, gelatine, oil, and water. But milk 
contains, besides, a considerable portion of phosphat of lime, the 
purposes of which I have already pointed out. 

'^ Amphibiotis animals have the power of suspending respiration 
for a considerable time. It is in consequence of this, that they are 
enabled to live under water. — C. 

1433. What is the nature of the flesh of amphibious animals ? 

1434. Why are reptiles so deficient in muscular strength ? 

1435. How are amphibiout animals enabled to remain a long time 
under water ? 

1436. What are the ingredients of milk P 

1437. Into what may milk be decomposed without any cbemical 
Mtistanoe.^ 

27* 
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CaroUne. Tes ; it ii this salt which senret to noamh the tender 
bones of the suckling. 

Mrs. B, To reduce milk to its elements, wonld be a very com- 
plicated, as well as useless operation; bnt this fluid, without anj 
chemical assistance, may be decomposed into three parts, cream, 
currlf , and whey. These constituents of milk have bnt a very slight 
affinity for each other, and you find accordiug^ly that cream sepa- 
rates from milk by mere standing. It consists chiefly of oil, which 
heidg lighter than the other parts of the milk gradually rises to the 
surface. It is of this, you know, that butter is made, which is 
nothing more than oxygenated cream. 

Caroline, Butter, then, is somewhat analagous to the waxy sub- 
stance formed by the oxygenation of vegetable oil. 

Mrs. B. Very much so. 

Emily* But is the cream oxygenated by churning ? 

Mrt,B. Its oxygenation commences"" previous to churning, 
merely by standing exposed to the atmosphere, from which it ab- 
sorbs oxygen. The process is afterwards completed by chomiog; 
the violent motion which this operation occasions, brings every par- 
ticle of cream in contact with the atmosphere, and thus facilitates 
its oxygenation. 

Caroline. But the effect of churning, I have often observed in the 
dairy, is to separate the cream into two substances, butter and but- 
ter-milk. 

Mrs. B. That is to say, in proportion as the oily particles of the 
cream become oxygenated, they separate from the other constitu- 
ent parts of the cream in the form of butter. So bv churning you 
produce, on the one hand, butter, or oxygenated oil ; and, on the 
other, butter-milk, or cream deprived of oil. But if you make but- 
ter by churning new milk instead of cream, the butter-milk will 
then be exactly similar in its properties to cream or skimmed milk. 

Caroline. Yet "butter-milk is very different from common skim- 
med milk. 

Mrs. B. Because you know it is customary, in order to save time 
and labor, to make butter from cream alone. In this case, there- 
fore, the butter-milk is deprived of the creamed milk, which contains 
both the curd and whey. Besides, in consequence of the milk re- 
maining exposed to the atmosphere during the separation of tht 
cream, the latter becomes more or less acid, as well as the butter- 
milk which it yields in churning. 

Emily Why should not the butter be equally acidified by oxyge- 
nation i 

Mrs. B. Animal oil is not so easily acidified as the other ingredi- 
ents oX milk. ButteT, therefore, though usually made of soar cream, 
is not sour itself, because the oily part of the cream had not been 

* It is proper to mention that the oxygenation of cream, which is 
taken for granted \o. the above theory, is a disputed fact. — C. 

— -^_— _____p_— / 

1437. What causes the cream to rise on the top > 

1438. What is the chemical name of butter.^ 

1439. Why does churning convert cream to butter? 

1440. When separation takes place in the cream, why is the but* 
ter-milk sour and the cream sweet*' 
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acidified* Butter, hoirever, is susceptible of becomiDgr acid by an 
excess of oxygen ; it is then said to be rancid, and produces the ae« 
bacic acid, the same as that which is obt^iined from fat. 

Emily, if that be the case, might not rancid butter be sweetened 

by mixmg wiUi it some substance that would take the acid from it? 

Vtfrt. B. This idea has been suggested by Sir H. Dary who 

supposes that if rancid butter were well washed in an alkaline soiu* 

tion, the alkali would separate the acid from the butter. 

Caroline. You said just now that creamed milk consisted of curd 
and whey. Pray how are these separated ? 

Jdrs, B. They may be separated by standing for a certain length 
of time exposed to the atmosphere ; but this decomposition may be 
almost instantaneously effected by the chemical agency of a variety 
of substances. Alkalies, rennet,* and indeed almost all animal sub- 
stances, decompose milk by combining with the curds. 

Acids and spiritous liquors on the other hand, produce a decom- 
position by combining with the whey. In order, therefore, to ob- 
tain the whey pure, rennet or alkaline substances must be used to 
attract the curds from it. 

But if it be wished to obtain the curds pure, the whey must be 
separated by acids, wine, or oiher s()iritous liquors. 

Emily. This is a very useful piece of information ; for I find 
white- wine whey, which I sometimes take when I hare a cold, ex- 
tremely heating ; now, if the whey were separated by means of an 
adkali instead of wine, it would not produce that effect. 

Jlfr«. B. Perhaps not. But I would strenuously advise you not 
to place too much reliance on your slight chemical knowledge in 
medical matters. 1 do not know why whey is not separated from 
curd by rennet, or by an alkali, for the purpose which you mention, 
but I strongly suspect that there must be some good reason why 
the preparation by mea ns of wine is generally preferred. I can, 
however, safely point out to you a method of obtaining whey with- 
out either alkali, rennet or wine ; it is by substituting lemon iuioe, 
a very smail quantity of which will se^^rate it from the curds. 

Whey, as an article of diet, is very wholesome, being remarkably 
light of^digestion. But its effect, taken medicinally, is chiefly, I 
believe, toexcite perspiration, by being drunk warm on going to bed. 
From whey a substance may oe obtained in crystals by evapora- 
tion, called mgcw of milk. This substance is sweet to the taste, 
and in its composition is so analogous to common sugar, that it Is 
susceptible of undergoing the vinous fermentation. 

* Rennet is the name given to a watery infusion of the coats of 
the stomach of a sucking calf. Its remarkable efficacy in promot- 
ing coagulation is supposed to depend on the gastric juice with 
which it is impregnated. 

1441. What causes butter to become rancid ? 

1442. How may rancid butter be made sweet ? 

1443. How is milk from which the cream has been taken, d'eoofn- 
posed, or converted into curd or whey? 

1444. How is pure whey obtained from milk ? 
144i. How is pure curd obtained from it ? 

1446. Why is whey as an article of diet, wholesome f 

1447. How is the sugar of milk obtained f 
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Caroline, Why then, it oot wioe, or slcobol, made firom wb^? 

Jirs, B. Tbe'qDanlity of sagmr coDtained in milk is to triflui^, 
that it can hardly answer that purpose. I ba^e beard of only cot 
instance of its being used for the pnodoction of aspiritous liqooraDd 
this is by the Tartan Arabs : tbeir abundance of horses, as well ai 
their scarcit]^ of fruits, hat introduced the fermentation of mares' 
milk, by which they produce a liquor called icounitt*. Whey it 
likewise susceptible of beings acidified by combining with oxygen 
from the atmosphere. It then produces the laeHe aetd, which yoo 
may recollect is classed with the animal acids, as the acid of milk. 

Let us now see what are the properties of curds. 

Emily. I know that they are made into cheese ; but 1 bare beard 
that for that purpose they are separated from the whey, by the ren- 
net, and yet this you hare just told us, is not the method of ob- 
taining pure curd ? 

Jfrt. B. Nor are pure curds so well adapted to the formation of 
cheese. For the nature and flaror of the cheese depend in a great 
meaturCf upon the cream or oily matter which is left in the curds ; 
so that if e^ery particle of cream be remored from the curds, the 
cheese is scarcely eatable. Rich cheeses, such as Cream and Stil- 
ton cheeses, deriTe their excellence from the quantity, as well as 
the quality of the cream that enters into their composition. 

Caroline. I had no idea that milk was such an interesting com* 
pound. In maoy respects there appears to me to be a very strik- 
ing analogy between milk and the contents of an eg^, both in res- 
pect to their nature and their use. They are, each of them, com- 
posed of the various substances necessary for the nourtthraeBt of 
the young animal, and equally dettined for that purpose. 

Jirt, B. There is however, a very essential difference^ The 
young animal is formed as well as nourished, by the contents of the 
egg-shell; whilst milk serves as nutriment to the suckling, only af> 
ter It is born. 

There are several peculiar animal substances which do not en* 
ter into the general eoum^tion of animal compounds, and which, 
however, deserve to be mentioned. 

Spermaceti is of this class ; it is a kind of oily substance obtained 
from the head of the whale, which, however, must undergo a cer- 
tain preparation before it is in a fit state to be made into candles. 
It is not much more combustible than tallow, but it is pleasanter to 
burn, as it is less fusible and less greasy. 

Amber^rit'x^ another substance derived from a species of whale. 
It is, however, seldom obtained from the animal itself, but is gen- 
erally found floating on the surface of the sea. 

ffof , you know, is a concrete oil, the peculiar product of the bee, 

Sart of the constituents of which may probably be derired firom 
owers, but so prepared by the organs of the oee, and to nmed 
with its own substance, as to be decidedly an animal product Bees 
wax is naturally of a yellow colour but it is bleached by long expo- 
sure to the atmosphere, or may be instantly whitened by the oxy- 

1448. Do pure curds make good cheese ? 

1449. On what does the quantity of cheese depend I 

1450. From what is spermaceti obtained I 
1461. Whatitambei^? 
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muriatic acid. The combustion of wax is far more perfect thao 
that of tallow, and consequently produces a greater quantity of 
light and heat. 

Lac is a substance very similar to wax in the manner of its form- 
ation ; it is the product of an insect, which collects its ingredients 
from flowers, apparently for the purpose of protecting its eggn from 
injury. It is formed into cells, fabricated with as much skill as 
those of the honey comb, but differently arranged. The principal 
use of lac is in the manufacture of sealing wax, and in making 
Tarnishes and lacquers. 

Jdusk^ civets ^Lud ca«/or, are other particular productions from 
different species of quadrupeds. The two first are yery powerful 
perfumes ; the latter has a nauseous smell and taste, and is only 
used medicinally. 

Caroline. Is it from this substance that castor oil is obtained ? 

Mrs, B, No. Far from it, for castor oil is a vegetable oil, ex- 
pressed from the seeds of a particular plant ; and has not the least 
resemblance to the medicinal substance obtained from the castor. 

Silk is a peculiar secretion of the silk worm, with which it builds 
its nest or cocoon. This insect was originally brought to Europe 
from China. Silk in its^chemical nature, is very similar to toe 
hair and wool of animals ; whilst in the insect it is a fluid, which it 
coagulated, apparently by uniting with oxygen as soon as it cornea 
in contact witn the air. The moth of the silk- worm ejects a liquor 
which appears to contain a peculiar acid, called bombict the proper- 
ties of which are but very little known. 

Emily. Before we conclude the subject of the animal economy, 
shall we not learn by what steps dead animals return to their ele- 
mentary stale ? 

Mrs, B. Animal matter, although the most complicated of all 
natural substances, returns to its elementary state by one single 
spontaneous process, the putrid fermentation' By this, the albu- 
men, fibrine, &c. are slowly reduced to the state of oxygen, hydro- 
gen, nitrogen and carbon ; and thus the circle of change through 
which these principles have passed is finally completed. They first 
quitted their elementary form, or their combination with unorgan- 
ized matter, to enter into the vegetable system. Hence they were 
transmitted to the animal kingdom ; and from this they return again 
to their primitive simplicity, soon to re-enter the sphere of organ« 
ized existence. 

When all the circumstances necessary to produce fermentation 
do not take place, animal, like vegetable matter, is liable to a par- 
tial or imperfect decomposition, which converts it into a combusti- 
ble substance very like spermaceti. I dare say that Caroline, who 
i« so fond of analogies, will consider this a kind of animal bitumen. 

Caroline. And why should 1 not, since the processes which pro- 
duces these substances are so similar ? 

Jdrs. B. There is, however, one considerable difference ; the state 
of bitumen seems permanent, whilst that of animal substances, thus 
imperfectly decomposed, is only transient ; and unless precautions 
be taken to preserve them in that state, a total dissolution infallibly 

1452. How does wax compare with tallow for combustion ? 
1463. What is lac ? 

1454. What account could you give of silk ? 

1455. How does dead animal matter return to its original state ? 
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ensues . This cirou mstance, of the occasional conFersion of animal 
matter into a kind of spermaceti, is of late discovery. A manufiaM:- 
ture has in consequeDce been established near Bristol, in which, by 
exposing* the carcasses of horses and other animals for a length of 
time under water, the muscular parts are converted into this sper- 
maceti-)ike substance. The bones afterwards undergo a different 
process to produce hartshorn, or, more properly ammonia, and phos- 
phorus ; and the skin is prepared for leather. 

Thus art contrives to enlarge the sphere of useful purposes, fbr 
which the elements were intended by nature ; and the productions 
of the several kingdoms are frequently arrested in their course, and 
variously modi Bed, by human skill, which compels them to contri- 
bute, under new forms, to the neceshities or luxuries of man. 

But all that we enjoy, whether produced by the spontaneous ope- 
rations of nature or the ingenious efforts of art, proceed alike from 
the ffoodness of Providence. — To God alone man owes the admira- 
ble faculties which enable him to improve and modify the prodoo- 
tions of nature, no less than those productions themselves. In con* 
tei nplating the works of the creation, or studying the inventions of 
art, let us, thererefore, never forget the Divine Source from which 
they proceed ; and thus every acquisition of knowledge will prove 
m lesson of piety and virtue. 



DESCRIPTION OF THE AFHLOGISTIC OR FLAHELESS 
LAMP. 



BY DR. J. L. OOMSTOCK, OF HARTFORD. 

ApklogUtic, or Flameless Lamp, In the con- 

struction of this 
Lamp, the ob- 
ject is to keep a 
coil of wire in a 
state of ignition, 
without either 
flame or smoke. 
The principle 
on which it is 
constructed, I 
believe was first 
discovered by 
Sir H. Davy.— 
He found that 
on heating the 
end of a piece of 
platina wire red 
not, and instant- 
Fir- 1. A. The CoilofPlalinmwir«. B. The glaw tube conUininj the ly holdiug it 
^iek. Fig. t^. The L«inp eompleta. D. The (abe for charfiaf . noat the 8QriaC6 




1456. What manufacture is it mentioned has recently been 
formed in Bristol ? 
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of some ether f placed in a wine g^lass, the wira was kept at a red 
heat as long as the ezperimeDt was coDtioued. 

Whether Sir Hamphrey pursued the subject any further, 1 am 
not informed. It is most probable, however, tliat be did not, as it 
is stated in a London paper of the last year, that Prof. Ureof Glas* 
gow, had determined the circumstances which modity the perform- 
ance of the lamp, and that one constructed by him was in full opera- 
tion in that city (London) and had excited much public curiosity. 
This notice contained some directions, concerDing the size of the 
wire, to be used, and the manner of coiling it. I bave however seen 
no description of this lamp which would enable one readily to con^ 
struct it. The following may therefore, interest such readers, as 
have seen an account of so curious a discovery. 

The principle on which the aphlogistic lamp is constructed in- 
Tolyes two conditions, which are absolutely requisite, viz. that we 
make use of a combustible substance which evaporates at a low dei> 
gree of beat, and a metal which is a bad conductor of caloric. For 
the combustible, alcohol seems best suited to this purpose. StUpkni- 
ric ether, aside from its high price, and disagreeable smell, 1 have 
sometimes found to fail ; the ignition ceasing without any obvious 
cause. 

In regard to the metal, gold and silver, both fail in consequence 
of the rapidity with which they conduct caloric. Silver, too, would 
soon be destroyed by theintense heat. Iron, although so bad acon- 
ductor, as to remain ignited for a time, soon fails, being converted 
into red oxide. Platina seems to be the only metal adapted to our 
purpose, being a slow conductor of caloric, and not easily oxidated 
at the highest temperatures. 

This is to be draw'n into wire of 56-1000 or 60-1000 of an inch in 
diameter, being about the size of card, or brass wire, No. 26. Ex- 
perience has shown that this size succeeds better than any other. — 
If larger, the heat is carried off too fast, and the ignition ceases, [f 
mnch finpr, it does not retain sufficient heat at the lower part of the 
coil to keep up the evaporation of the alcohol from the wick. 

The coihng of the wire, and the adjustment of the wick, are the 
most difficult parts of the construction. 

The coil, A. fig. 1. page 322, is made by winding the wire round 
m piece of wood, cut of the proper size and shape. The size is de» 
termined by the bore of the glass tube, allowing for the diameter of 
the wire. The shape is plane cylindrical in that part which enters 
the tube ; and slightly conical where it projects above the tube, as 
seen in the figure. (1 believe this is the best shape, though I have 
■ucceeded as well when the coil was of the same shape throughout.] 

In winding the coil, it is best that the turns of the wire shoula 
come in contact. Afterwards it is 4o be gently extended, so as to 
l«ave the turns as nearly as possible to each other, without touching. 

The diameter of the coil is about one sixth of an inch where it en- 
ters the tube. Its length half an Inch, or a little less, containing 
from twenty to thirty turns of the wire. The projection above the 
tube is about one half the length. 

B. Fig. 1. is a glass tube, containing a cotton wick, which by ea^- 
pniarv attraction carries the alcohol up to the platina coil. The 
(ength of this is arbitrary, being from one to three or four inches. — 
The bore is about the sixth of an inch, so as barely to admit the coiL 
The wick, consisting of eight or tea threads, is first drawn through 
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the tube, and then introduced about half way into the coil, so at to 
come eren with the top of the tube. This requires Terv nice adjust- 
ment. If the wick is too high, the wire is rapidly cooled by the al- 
cohol, and ignition ceases in a few moments. IT too low, the erap- 
oration by the heat of the wire is insufficient. If, however, the 
other parts are well constructed, a few trials will ensure success. 

Fig. 2. shows the lamp complete. The body of it is a low vial or 
inkstand, capable of holdiog about two ounces of alcohol. It ii 
stopped accurately with a cork, which is corered for ornament, 
with tin feil. The aperture for admitting the tube and wick, is made 
with a hot iron. 

D. is a small tube through which the alcohol is poured. A drof- 
ping tube is convenient for this purpose, but a small funnel is easilj 
made by cutting off au inch of the neck of a broken retort, into 
which IS push^ a.cork, and through this a small quill. Another 
orifice still, for letting off the air, as the alcohol goes in, may be 
made through the cork. The orifices, of course, are to be stopped, 
to prevent evaporation, aderthe lamp is charged. 

When the lamp is completed and charged, the alcohol is inflamed 
by holding the coil in the olaze of a candle. After letting it burn for 
a few minutes, the flame is blown out, when if every thing is propo'lj 
adjusted, the wire will continue red hot until the alcohol is exhausted. 
The explanation why the ignition of the wire is permanent, seems 
to be sufficiently simple. Alcohol, when in the state of vapour, com- 
bines with oxygen with great facility. The temperature of the wire 
n first raised by the flame of the candle to about 600 degrees, Fah- 
renheit. This degree of heat is such as to effect the combustion of 
the alcohol with the oxygen of the atmosphere. When this is once 
effected, the caloric extricated by the combustion of the alcohol, is 
sufficient to keep the coil at a red heat, which again is the tempera- 
ture at which the alcohoUs combustible, so that one portion of alco- 
hol by the absorption of oxygen, and the consequent extrication of 
heat, lays the foundation for the combustion of another portion; and 
as the alcohol rises in a constant stream, so the effect is'constant 
The stream of vapour is much increased by the heat of the lower 
part of the coil, where it embraces the wick, and the temperature 
of the alcohol is increased before it reaches the part of the eoil 
where combustion is effected. Sometimes the last, or upper tum.of 
the wire only is kept red hot. 

This lamp, though one of the most curious inventions of the age, 
is not merely a curiosity. The facility and certainty with which by 
means of a match, a light may be obtained from it, constitutes its 
utility. The proper matches n>r this purpose are prepared by dip- 
ping the common brimstone matches into a paste made by mixing 
two parts of white sugar with one part of chlorate (oxy muriat) w 
potash. The red French matches are of this kind, and answer the 
purpose completely. 

In cases where a light might be wanted, but a constant one would 
be offensive, this lamp might be a great convenience ; a light t>eing 
immediately obtained by merely touching a match to the platina 
coil, and tHen to the wick of the candle. Physicians or others who 
are liable to be called up in the night would also find it convenient 
The aphlogistic lamp, with the proper'matches, may he obtained 
at Mr. Charles Hosmer's Variety Store,' in this City, 
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An Additional Conversation from the last London Edition. 

CONVERSATION XXVII. 

ON THE ST£AM-£NGIN£. 



Mr*. B. In this conFersation I propose to give you some ac* 
count of the steam-engine. Since its original ioTention, about the 
middle of the 17th century, it has, by a longf series of improTe- 
nients, attained such a deg^e of perfection that it now not onhr 
works bur manufactures, but is beg^inning to be applied to their 
conveyance both by land and water. Steam-boats, you know, are 
already in general use ; locomotive steam-engines are eroployad on 
rail-ways in several parts of England, to draw ooals from the mine 
to the place of shipment ; and a rail-way is now in oensiderable 
forwardness for the purpose of conveying the multiplicity of goods 
which pass from Manchester to the port of Liverpocd by meant of 
these self-moving carriages. 

Caroline, After having both seen and heard so much of steam- 
engines as we have done of late years, I am almott ashamed to 
confess how ignorant I am of the principles oo whioh they act; 
but the machinery is so complicated, there are so many pipes, and 
valves, and boilers, and coolers, and I know not what, that really 
one^s head grows quite confused, aad can understand nothing* 

J\ir8» B. Here is a little apparatus of no very complicated coo* 
struction, but simple as it is, I think it will assist me in explaining 
to you the principle on which the steam-engine acts. (Fig. 37.) 
It consists, you see, of a glass cylinder, and terminating in a bulb 
or ball, and a piston, which is fitted to the cylinder, and can slide 
up and down within it. We shall pour a little water into the bulb, 
push down the piston to the bottom of the cylinder, and make the 
water boil by placing it over this lamp :' what will hay^pen then 7 
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Emily • The steam risiag from the water will force np the pis- 
ton by its expaasioa — just so— as the steam is formed the piston 
rises. 

Caroline* Oh ! now I understand it ; if this was a larg^e iron 
cylinder instead of a small glass one, and had a great beam attach- 
ed to.it to act as a lever, as I have seen in real steam-engines, that 
the bulb was a spacious boiler, and the lamp a furnace, we should 
be enabled by it to raise a great weight. 

JIfri. B» The force of steam, when once obtained, may be ap- 
plied to an immense number of purposes ; it may be made to push, 
to pull, to lift, to strike : in a word, to put in motion any of the me- 
chanical powers. But as yet we have only raised the pi&toD, we 
must get it down again in order to repeat the stroke and continue 
the action. As soon as 1 take this glass vessel from the lamp, the 
steam returns to the state of water, a vacuum is formed by its con- 
densation, and the piston falls by the weight of the atmosf^ere, 
which you may recollect presses with a weight of 15lbs. on every 
square inch of the surface of the piston.''' 

Caroline. This little cylinder is easily removed from the lamp, 
but we cannot take a boiler from the furnace and replace it again 
at every stroke of the piston. 

Jtfr«. B. We must, therefore, find some other mode of conden- 
sing the steam, without which the weight of the atmosphere will 
not make the piston descend. This was at first accomplished by 
injecting cold water into the cylinder. 

Emily. The steam would naturally give out its latent beat to 
the cold water, and this powerfiil elastic fluid would be converted 
into an inert liquid. 

Jtfrt. B. This is a conclusion, which, in the present state of 
science, it is very easy to draw ; but in the 17th century the pro- 
perties of heat and of steam were equally involved in obscurity. 
When the Marquis of Worcester first attempted the construction 
of a steam-engine, it appears probable that he injected cold water 
simply with a view of replenishing the boiler, and that he was not 
aware that it caused the condensation of the steam, or that this con- 
densation was necessary in order to make the piston descend. 
The Marquis is, however, generally considered as the original in- 
ventor of the steam-engine ; but it was Savary and Newcomens 
who improved upon his ideas, and first produced this machine suffi- 
ciently well constructed to be brought into common use. Fig. 38. 
represents an engine thus improved and applied to the purpose of 
raising water from a well. 

The steam issuing frpm the boiler B raises the piston P in the 
cylinder, and, consequently, that end of the lever h to which it is 
attached by the rod R. One end of the lever-beam being thus ele- 
vated, the other necessarily descends, and forces down the rod r 
and the piston p, in the well W. 

Caroline. Now we have, the great piston P at the top of the 
cylinder, and the little pbton p at the bottom of the well, but In 

* See Conversations on Natural PhikMophy. 
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order to brin^ up the water we must reverse the action of the le- 
ver: how is that to be doneT 

Mrt, B» As soon as the piston P reaches the upper part of the 
cylinder, the cock or valve V closes, excluding the further en« 
trance of steam ; at the same time the valve Q opens, admitting a 
iet of cold water from the reservoir R. This condenses the steam 
which filled the cylinder, and forms a vacuum ; the piston, no 
long3r supported beneath, is forced down by the pressure of the 
atmosphere; while the piston p rises, lifting up the water which 
flows out at m. 

Caroline. The water is raised by the piston p, on the principle 
of the lifting pump, which I recollect your explaining to us.* 
Then, when the piston P returns to the bottom of the cylinder, the 
valve Q shuts to exclude the cold water, while the valve V opens 
to admit the steam ; there could not be a more clever contrivance. 

Emily, Yet, it seems to me to be a pity to destroy the steam at 
•very stroke of the piston : what an economy of fuel would be ob* 
tained if it were possible to preserve the steam and make it act 
again! 

«Afr9. B. Nor is this the only objection to the introduction of 
cold water into the cylinder ; it is attended also with the incon* 
▼eaience of cooling the cylinder, so as to require a considerable 
additional quantity of steam to restore its temperature before the 
piston can be made to rise ; yet, even under these disadvantages, 
the steam-engine was found to be a powerful machine ; in the 
course of years it underwent many alterations, but received no 
rery material improvements till the celebrated Mr. Watt disco- 
▼eied the means of obviating the defects we have noticed. His 
first improvement was to condense the steam in a separate vessel, 
which he called a condenser; by which means he effectually pre- 
vented the refrigeration of the cylinder. 

He then introduced the steam from the boiler into the cylinder 

alternately above and below the piston, so as to make it both rise 

and falh completely excluding the external air, the pressure of 

which became unnecessary, and which had been another cause of 

' cooling the cylinder. 

Emily. He must then have established a communication be- 
t)veen the condenser and both the upper and lower part of the cy^ 
Under, in order to carry off the steam, and form vacuums alternate- 
ly above and below the piston. 

JUn. B. This he did by ipeans of pipes and valves, which could 
be opened or shut at pleasure. 

Caroline, Then, when the steam below the piston is drawn into 
the condenser, the steam above it will force it down, and when the 
■team above the piston flows into the condenser, the steam beneath 
will make it rise. It is, therefore, essential that the atmospherie 
air should have no access to the cylinder, otherwise the vacuum 
could not be formed, for the air would rush in to supply the place 
ct the steam at soon as this is condensed. But is it not difficult to 

'^ See Confersations on Natural Philosophy. 
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exclude the air completely, and yet leare room for the piston -rod 
to move up and down freely ? 

Mrs. B. In order to render the cylinder air-tight, the piston- 
rod slides np and dovm through a small box, so well stuffe^d with 
leather and hemp that no air can penetrate. 

These movements will be more intelligible if you examine Fig. 
39, which represents a steam engine such as is now used ; in which 
all the essential improvements of Mr. Watt are retained ; but 
some simple and convenient arrangement of the mechanism has 
been substituted in the place of his more elaborate and complicat- 
ed contrivances. A A is the boiler, and the fire which heat« it is 
contained in the fire-place BB, which, with the flues XX, sur- 
round it. The water, when converted into steam, passes through 
the pipe CC, and thence into a sort of box DD ; but for the exp^- 
nation of the construction of this box I must refer you to Fig. 40. 
where you will find it represented on a larger scale, as that plate 
contains only the cylinder ZZ, and the pipes which connect the 
box with it. " From this bux the steam can pass either through the 
pipe EE into the upper part of the cylinder above the piston YY 
in order to force it down ; or it can pass throng^ the pipe FF and 
enter the cylinder below the piston in order to raise it. 

Caroline. But when the steam enters at one end of the cylin- 
der, it must make its exit at the other, and take refuge in the con- 
denser : how does it find its way there ? for these two pipes com- 
municating at one end with the steam-hox, and at the other with 
the cylinder, cannot either of them coavey the steam into the coiif- 
denser. 

JIf ri. B. There w a separate pipe for that purpose, one end of 
which opens into the steam-box, and tlie other into the condenser. 
The orifice of this pipe alone is yisibie at G as it turns back before 
it descends ; but in Fig. 39 that part G which communicates with 
the condenser HH is delineated. 

Emihf. And by what means is the steam prevented from enter- 
ing the cylinder through both passages at the same time ? 

Mrs. B. By a very simple and ingenious contrivance caHed a 
sliding yalve 1 1, which moves up and down, and alternately leaves 
the passage to the upper or lower pipe open : in its present aitua- 
tion in Fig. 40 it is raised as high as it will gfo, closing the passage 
between the e^team-box and the openings to the pipes E and G, hot 
leaving a communication between these two pipes. 

Caroline. The steam, then, enters at the bottom of the cylinder 
below the piston ; but how do you get rid of that which is above 
it ? — »-Oh, I see : it descends through the pipe E, and being ex- 
cluded by the valve I from entering the steam-box, it passes into 
the orifice of the pipe G, and is thence conveyed Into the conden- 
ser. 

Mr». B. And when the valve is slided downwards so as to close 
the communication between the pipe F and the steam-box, it opens 
a passage between that pipe and G ; so that the steam below the 
piston is now drawn into the condenser, wl^le that above it forces 
ft down. 
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Emily. But during* the time that the valve is moviog^ from the 
orifice of one pipe to that of the other, both must be left partly 
open at the same lime, so that less steam can g-et admittance into 
one pipe or escape out of the other, than when one of the pipes is 
completely open, and the other entirely closed. 

Mrs. B. That is veiy true, and the stroke of the piston is less 
forcible during" tliose intervals. There is also an instant during 
which the valve closes all the three passages ; it is when the pis- 
ton reaches the top of the cylinder, as represented in Fig*. 39, 
Frontispiece. 

Caroline, The communication between the steam-box and the 
condensing pipe G is then always closed by tlie valve in whatever 
position it may be ? 

Jlrs. B. Certainly ; it would be wasting- the steam to allow it 
to flow from the steam- box into the condensing pipe ; that pipe is 
used merely to convey away the steam that has already performed 
its office in the cylinder; it therefore communicates only with the 
pipes E and F. The valve I I, you will observe, is not flat, but 
capacious, in the form of a box without a lid ; for it is necessary 
that the communication between the pipes E and G should be made 
within the capacity of the valve ; were it flat, it would close the 
pipes E and G, not only from the steam- box, but from each other, 
so that the steam conid not escape into the condensing pipe. 

Thus by simply sliding up and down this hollow valve, the mo- 
tion of the piston may be carried on indefinitely. 

Emily. And by what mean* is this valve moved, for I see no 
rod to connect it with the lever. 

Mrs. B. No, it is worked by two cranks, V and W, situated 
at right angles to each other ; of which V is connected with the 
slide-valve, I, and W is connected to the eccentric X, which is 
i^orked by the fly-wheel shaft U. 

Emily. But the steam is lost, Mrs. B. : I had flattered myself 
that some means had been devised of turning it to account. 

Mrs. B, Not lost, though it is no longer serviceable in the 
form of steam, for it gives out its latent heat to the water in the 
condenser, and this heated water is pumped up and conveyed into 
the boiler 'B, Fig. 39, where it is re-converted into steam at a 
much less expense of fuel than if it were cold. The condenser 
H, you will observe, is situated in a cistern of cold water, L L. 
and ^ represents the injection cock, by means of which a stream 
of this water is constantly flowing into the condenser, in order to 
re-convert the steam into water. 

Caroline. And how is this water conveyed into the boiler, to 
be again transformed into steam ? 

Mrs. B. The bottom of the condenser communicates with an 
air-pmnp MM, which raises the heated waterinto a smaller cistern 
N, from whence it is elevated by the forcing pump O, and convey- 
ed through a pipe which is not delineated in the Plate into a cistern 
P, situated immediately over the boiler, into which it descends 
through the pipe Q. — The small lever attached to this cistern, hav- 
ing a weight suspended at one end, and a float K which rests upon 
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the surface of the water hangdog from the other, is a contrlFance 
to admit into the boiler exactly the quantity of water required. 
In the present position of the loFer, that quantity is duly adjusted ; 
but should the boiler be further filled, the float, which always re- 
mains on the surface of the water, and the rod to which it is at- 
tached, must rise and elevate that arm of the lever to which it is 
suspended ; the other arm will consequently descend, and a vidve 
S, which is suspended to that arm, will close' the pipe Q so as to 
impede the entrance of more water into the boiler. But as soon 
as the superabundance of water in the boiler is converted into 
steam, and has passed off into the cylinder, and the water resumes 
its former level, the float descending^ restores the lever to its hori- 
zontal position, raises the ralve S, and re-opens a communication 
for the admission of wpter from the condenser. 

Emily, This is a most ingenious contrivance; yet the inven- 
tion of a separate vessel to condense the steam, was, I think, the 
most happy idea, and so simple that I wonder it did not occur 
sooner. But since it is essential to preserve the high temperature 
of the cylinder, I should think it might be useful to cover it with 
flannel, or some other bad conductor of heat, in order to prevent 
its radiating off caloric ; and I wonder that the cylinder should be 
made of metal, which is so good a conductor of heat ? 

Mrs, B* Metal, though a gt>od conductor, is, you know, a bad 
radiator ; besides, no other substance would have sufficient 
strength and durability for the purpose. Then, instead of flannel^ 
the cylinder, in large engines, is frequently enclosed in a larger 
metallic case, called a jacket, and the intervening part is kept fill- 
ed with steam, so that the cylinder itself is in a sort of steam-batby 
and suffers no diminution of temperature. 

The lever TT of this steam-engine, you will observe, is of a 
yery different construction from that of Newcomens' : instead of 
ft cumbrous beam of wood, it consists of a plate of iron, strength- 
ened by three ribs or bars of iron, to the central one of which is 
attached the several rods, 1, 2, 3, 4, which work the piston of the 
cylinder, and those of the pumps, and finally the rod 5, which is 
the operative power of the machine. This* was another improye- 
ment of Mr. Watt : he also added a fly-wheel, U, the e^t of 
which, you may recollect, is to equalise the motion of the machine, 
and render it uniform.* 

Caroline. This roust be peculiarly applicable to a steam-eng^ina 
whose motion must necessarily be accelerated every time the fur- 
nace is replenished with fuel, and retarded when the fuel begins 
to be expanded. 

J^rs, jB. This irregfularity h equalised by another contrivance, 
which I shall presently explain to you. The chief purpose of the 
fly-wheel is to carry on the action of the machine during an in* 
stant that occurs at every stroke of the piston, when the steam is 
excluded from the cylinder. We have observed that the power 
Taries in intensity, being strongest when the pbton is in the po- 

• 9ee Conversations on Natural Philosophy^ 
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sitioD in which it is described in Fig. 40, which is called being' at 
half stroke ; one of the passages for the steam is then CDtirely 
open, and the other completely closed : when the' piston moTes 
either above or below this point, the two passages are but partial- 
ly opened or closed ; and when it reaches either the top or the bot- 
tom of the cylinder for an instant all tlie passages are closed, then 
it is that the operation of the fly-wheel is essential ; its inertia 
carries on the action of the lever during the instant that the action 
of the steam ceases ; this is called the dead'lift, and did not the 
fly-wheel overcome the difficulty, the engine might be stopped. 

The contrivance by means of which the quantity of steam that 
enters into the cylinder from the boiler is regulated, I shall now 
explain to you. 6 is a valve in the steam-pipe c, called a throttle- 
Talve, because it enlarges or diminishes the throat or passage in 
order to reg^ate the quantity of steam, so as to make the piston 
move with the degn*^® of velocity requir^. 

Caroline. But one would suppose the valve roust be endowed 
with intelligence to enable it to proportion its aperture to the 
quantity of. steam required ? 

Jdr*. B. That intelligence alone belongs to man ; his skill tran- 
fers it mechanically to inanimate matter, in a manner so wonder- 
ful, that, it is true, it sometimes appears as if it inspired these 
materials with reason. 

Emily, After having carried our ingenuity so far as to make a 
few pieces of metal, cut out in different forms, and adjusted toge- 
ther, show us the hour of the day, and even call out apd tell it to 
tn, we can be suprised at no mechanical invention ; and it appear- 
ed to me quite natural that the Chinese, in Captain Hall's Voyage 
to Loo Choo, should have sup|)osed a watch to have been alive. 

,Mr», B. But to return to the regulator of the steam-engine,— 
it was Mr. Watt who first contrived to make this throttle-valve 
self-acting : by adjusting it so, that when the piston was moving 
with too great velocity it would contract and admit less steam into 
the cylinder, and thus diminish the speed of the machine. And 
when, on tlie contrary, it was moving too slowly, it would enlarge 
and admit a gpreatcr quantity of steam, and thus accelerate its ve- 
locity. 

The two balls a a. Fig. 39, are so adjusted that the motion of 
the piston makes them revolve round the spindle b. When the 
piston moves with proper celerity, these balls, during their revolu- 
tions, will remain at the distance from each other described in the 
plate ; but what will occur if the velocity of the piston be in- 
creased P 

Emily, If you increase the cause, the effect will be increased 
in proportion ; the velocity of the balls will be accelerated, and 
their centrifugal force consequently augmented, so that they wiU 
recede further from each other. 

JUrs, B, Very well ; now these balls are connected with the 
throttling- vdve 6 by means of the rods c d, in such a manner that 
when the balls recede from each other, the rods c and d are a little 
elevated, and the valve, which is a thin vane moving upon a pivot» 
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presents its face to the stream of steam issniog from the hoiler, 
and io a great measure opposes its passage by almost closing tbe 
pipe. When, on the contrary, the piston moves too slowly, the 
motion of the balls being retarded, and their centrifugal force di* 
minished, they approach each other, the rods c and d are depressed, 
and the yalve moving on its pivot is turned edgeways towards the 
steam, and thus leaves it a free passage. This apparatus, which 
regulates the throttle-valve, is called the governor. 

Emily, It is a very ingenious contrivance ; but Mrs. B., there 
is something which still perplexes me. The motion of the ends 
of the lever-beam is in a curve line, yet the piston must move up 
and down in a straight line : now, how can a power moving ia a 
curve line produce motion in a straight line in another body ? 

JUrs, B, This was attended with some difficulty, but the indc4- 
tigable ingenuity of Mr. Watt discovered a means of overcoiolo| 
it, called the parallel motion. He adjusted a system of levers, e, 
f, g, h, in such a manner, that though the lever- beam in its rising 
and falling described the arc of a circle, that of the piston wti 
rectilinear : but this piece of mechanism it would ta^e us much 
time to explain. 

Emily* Pray bow are the high-pressure engines constructed, 
which have been described as so dangerous ? 

jars. B. They act on the same principle as that we have just 
examined ; but, instead of being furnished with a condenser and 
air-pump, the steam is allowed to escape from the cylinder into the 
open air ; this communication with the atmosphere renders it ne- 
cessary tliat the steam should have a much greater force than the 
pressure of the atmosphere, as it must counterbalance that pres- 
sure before it can act upon the piston. We know from experimest 
that steam rising from water, heated to the boiling point or the 
temperature of SIS'" of Fahrenheit, will balance the pressure of 
the atmosphere : or, which is the same- thing, press against the 
piston with a force equal to nearly ISlbs. on every square inch: 
21bs. above this, 171bs. is the force employed in th« condensing or 
low-pressure engfines : but in those which have no condenser the 
water in the boiler is healed considerably beyond the boiling point, 
acquires a very great expansive force, and exerts a proportiontl 
pressure on the piston ; it is sometimes carried so far as to work 
the piston with a pressure of 60 or 801bs. on every square inch. 
This highly elastic steam entering alternately at each end of the 
cylinder, will drive the piston backwards and forwards notwith- 
standing the pressure of the atmosphere ; and no condenser being 
used, the steam escapes through a tube called a waste- pipe. It ii 
easy to conceive that the greater the elasticity of the steam, the 
greater is the chance of the boiler bursting : but the cheapneif 
of these engines, owing to the simplicity of their construction, and 
the convenience of occupying a comparatively small space, makei 
them still occasionaliy adopt^. 
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A. 

Acetates, Compounds formed by the combination of a base with acetic acid.' 
Acids. Compounds formed bj the combination of oijgen with certain ele- 

mentary bodies, forming in' general, a class of substances which are sour 

to the taste, and which unite with alkalies and metallic oxyds to form salts. 
Acidules. Substances formed by the natural combination of some acids with 

a ^uanti^ of potash. The oxalic and tartaric acids are examples. 
Aeriform nuids. Elastic fluids. Atmospheric air and the gases are of this* 

kind. Their aeriform state is owing to the caloric with which their baseft 

are combined. 
Affinity^ chemical. . A term used to express that peculiar propensity which 

substances of different kinds have to unite with each other, as acids and 

alkalies, &.c. 
of aggregation. That force is so called b^ which substances of the ^ 

same kind tend to unite, without changing their qualities. 
of composition. That force by which substances of different lunds 

combine, and form a third, which differs from either of the two first, be% 

fore the combination. Thus muriatic acid and soda form common salt. 
Albumen. Coagulable Ivmph. It is contained in animal substances, as the 

serum of the blood. The white of eggs is albumen. 
Alcohol, Rectified spirit of wine. It is always the same, flrom whatever kind 

of spirit it is distilled. 
Alkakes. Peculiar substances which have a caustic burning taste, and a 

strong tendency to combination, particularly with acids, and with water. 
AUovs. A combination of any two metals, except mercury. Brass is m 

alioy of copper and zinc. 
Amalgam, A mixture of mercury with any other metal. 
Analysis, Separation of the constituent pai^s of compounds, for the 

purpose of detecting their composition. This is done by re-agents. 
Annealing. Rendering substances tough, which before were brittle. The 

metals are annealed by heating them red hot, and then cooling them gra* 

dually. 
Arseniates. Salts formed by the combination of a base with the arsenic acid. 
Azote, This name is given by the French chemists to nitrogen, which see* 

B. 
Balsams, Resinous, semi-fluid substances, which are obtained fVom certain 

trees by making incisions. 
Barometer. An instrument which indicates the variations of the pressure o f 

the atmosphere, as thermometers do of heat and cold. 
JBoJS. A term used by chemists to denote the substance to which an acid i# 

united to form a salt. Thus soda is the base of common salt. 
Benxoates, Salts formed hy the union of the 6«]Mrotcacid with a base. 
BUno-pipe, An instrument to increase and direct the flame of a lamp, for the 

analysis of minerals, and for other chemical purposes. 
Borates, Salts formed by the combination of any base with the acid of borax. 

c. 

CbZoorsouf. A chemical term fbrmerly applied to describe chalk, marble » 
and all other combinations of lime with carbonic acid. 
28 
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OUdnaiion, The application of heat to saline, metallic, or other snbstao- 
€68 ; to regulated as to deprive them of moisture, &c« and yet presene 
them in a pulverulent form. 

Caloric. The chemical term for the matter of heat. 

free. Is caloric in a separate state, or, if attached to other iutbtas* 

cee, not chemicaliy united with them. 

— — — latent. Is the term made use of to express that portion of caloric 
which is chemically united to any substance, so as to become a ;>ar< of 
the said substance. 

Cqlorimettr. An instrument fbr ascertaining the quantity of caloric disen* 
ffaged from any substance that may be the object of experiment. 

(MX. An old term made use of to describe a metallic oxide. 

OamphoraUs. Salts formed by the combination of any base with the cam* 
pboric acid. 

Oqyillarv. A term usually applied to the rise of sap in vegetables, or the 
rise of any fluid in very small tubes ; owing to a peculiar kind of attrafr 
tion, called capillary attraction. 

Carbon, The basis of charcoal. 

CarbonateM. Salts formed by the combination of any base with carbonic acid. 

Carburets. Compound substances, of which carbon forms one of the con* 
stituent parts. Thus plumbago, which is composed of carbon and iron, 
is called carburet of iron. 

Causticity. The ouality, in certain substances, by which they barn or cor- 
rode animal bodies to which they are applied. It is best explained by the 
doctrine of chemical affinity. 

Chalybeate. A term descriptive of those mineral waters which are unpreg* 
nated with iron. 
^Charcoal. Wood burnt in close vessels ; it is an oxide of carbon, and gene- 
rally contains a small portion of salts and earth. Its carbonaceous mat- 
ter may be converted by combustion into carbonic acid gas. 

Chlorine. A name lately given to the substance usually called oxy-muriatie 
acid. Its compounds are called by the name oftheir bases, with the end- 
ing of one. As phosphorane, sulphurane, &.c. 

Chromaies. Salts formed by the combination of any base with the chromic 
acid. . 

Citrates. Salts formed by the combination of any base with citric acid. 

Oxd. A term applied to the residuum of any dry distillation of animal or 
vegetable matters. 

Cohmon. A force inherent in the particles of all substances, excepting 
light and caloric, which prevents bodies from falling in pieces. 

Cciumbates, Salts formed by the combination of any base with the colombK 
acid. 

Combination. A term expressive of a true chemical union of two or more 
substances ; in opposition to mere mechanical mixture. 

Combustibles. Certain substances which are capable of combining more or 
less rapidly with oxyven. They are divided by chemists into simple aiw 
compound combustibles. 

Combwtion. The act of absorption of oxygen by combustible bodies ftom 
atmospheric or vital air. The word decombustion is sometimes used by 
the French writers to signify the opposite operation. 
Crucibles. Vessels of indispensable use in chemistry, in the various operl- 
tions of fusion by heat. They are made of baked earth, or metal, in the 
fofm of an inverted cone. 
Crystallutation. An operation of nature, in which various earths, salts, uw 
metallic substances, pass from a fluid to a solid state, assuming certain de- 
terminate geometrical figures. . 
Crystallization^ water of. That portion which is combined with salts in the 
act of crystallizing, and becomes a component part of the said saline sob- 
stances. ^ 
Cufd. A vessel made of calcined bones, mixed with a small proportiooor 
clay and water. It is used whenever gold and silver are refined!, by inelt- 
ing them with lead. The process is called cupellation. 
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D. 

DecomposHion. The separation of the constituent principles of compound 
bodies by chemical means. 

Deflagration. The vivid combustion that is produced whenever nitre, mixed 
with an inflammable substance, is exposed to a red heat. It may be at- 
tributed to the extrication of oxygen from the nitre; and its being trans- 
ferred to the inflammable body ; as any of the nitrates or oxygenized mu- 
riates will produce the same effect. 

X>eliquescenc« of solid saline bodies^ signifies their becoming moist, or liquid, 
by means of water which they absorb from the atmosphere in consequence 
of their great attractions for that fluid. 

Deoxidize ; (formerly deoxidate.) To deprive a body of oxygen. 

Deoxiiizement, A term made use of to express that operation by which one 
substance deprives another substance of its oxygen. It is called unborn* 
ing a body, by the French chemists. 

Detonation. An explosion with noise. It is most commonly applied to tb« 
explosion of nitre, when thrown upon heated charcoal. 

Digestion. The effect produced by the continued soaking of a solid sub- 
stance in a liquid, with the application of heat. 

Digester^ Paptn^s. An apparatus for reducing animal or vegetable substan- 
ces to a pulp or jelly expeditiously. 

DisHUaiion. A process for separating the volatile parts of a substance from 
the more fixed, and preserving them both in a state of separation. 

Ductility, A quality of certain bodies, in consequence of which they may be 
drawn out to a certain length, without fracture. 

Dulcification. The combination of mineral acids with alcohol. Thus we 
have dulcified spirit of nitre, dulcified spirit of vitriol, &,c. 

E. 

Edulcoration: Expressive of the purification of a substance by washing 
with water. 

Effervescence. An intestine motion which takes place in certain bodies, oc- 
casioned by the sudden escape of a gaseous substance. 

Efflorescence, A term commonly applied to those saline crystals which be- 
come pulverulent on exposure to the air, in consequence of the loss of a 
part of the water of crystallization. 

Elasticity. A force in bodies, by which they endeavour to restore themselvet 
to the Dosture from whence they were displaced by an external force. 

Elastic fluids. A name sometimes given to vapours and gases. Vapour is 
called an elastic fluid ; gas, a permanently elastic fluid. 

Elective attractions. A term usea by Bercmann and others to designate what 
We now express by the words chemical affinity. When chemists first ob- 
served the power which one compound substance has to decompose ano- 
ther, it was imagined that the minute particles of some bodies had a pre- 
ference for some other particular bodies ; hence this property of matter 
acquired the term elective attraction. 

Elements, The simple, constituent parts of bodies which are incapable of 
decomposition ; tney are frequently called principles. 

Empyreuma. A peculiar, and indescribably disagreeable smell, arising from 
the burning of animal and vegetable matter in close vessels. 

Ethers. Volatile liquids formed by the distillation of some of the acids with 
alcohol. 

Evaporation, The conversion of fluids into vapour by heat. This appears 
to be nothing more than a gradual solution of the aqueous particles in at- 
mospheric air, owing to the chemical attraction of the latter for water. 

Eudiometer. An instrument invented by Dr. Priestley for determining the 
purity of any given portion of atmospheric air. The science of investiga- 
ting the different kinds of gases is called eudiometry. 

F. 

Fermentation. A peculiar spontaneous motion which takes place in all ve- 
getable matter, when exposed for a certain time to a proper degree of 
temperature. 
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FUrine, That white, fibrom labitince which ii left after freely waihingtlie 

coagalam of the blood, and which chiefly composes the muscular fibre. 
FUwers. In chemical language, are solid, dry substances, reduced to a pow' 

der by sublimation. Thus we haye flowers of arsenic, sal. ammoniac, of 
^«iilphar, Slc, which are arsenic, saL ammoniac, and sulphur, unalteted, 

except in appearance. 
Fhufiet, Salts formed by the combination of any base with fluoric acid. 
FluidUy. A term applied to all licjuid substances. Solids are couTerted to 

fluids by combining with a certain portion of caloric. 
fUut, A substance which is mizea with metallic ore, or other bodies, to 

promote their Aision ; as an alkali is mixed with silez in order to form glass. 
FhdmmaHofL Thundering, or explosion with noise. We have fulminatiitf 

■ilTer, fulminating ffolo, and other fulminating powders, which ezplmfe 

with a loud report by friction, or when slightly heated. 
f\mon. The state of a body which was solid m the temperature of the it- 

motphere, and is now rendered fluid by the artificial application of beat 

G. 

Gallatet. Salts formed by the combinaticm of any base with gallic acid. 

Galvanism, A new science which offers a variety of phenomena, resultiif 

^ from different conductors of electricity placed inditterent circunutancei 
of contact ; particularly the nenres of the animal body. 

Chu. All solid substances when conyerted into permanently elastic fluids bj 
caloric, are called gases. 

Oai$ou$, Having the nature and properties of ffas. 

Ckuometer, A name given to a variety of utensils and apparatus contrived to 
measure, collect, preserve, or mix the different gases. An apparatus of this 
kind is also used ror the purpose of administering pneumatic medicines. 

CMmUne, A chemical term for animal jelly. It exists particularly in the ten- 
dons and the skin of animals. 

Obtien, A vegetable substance somewhat similar to animal ffelatine. It ii 
the gluten of wheat flour which gives it the property of making good 
bread, and adhesive paste. Other grain contains a much leas quantity of 
this nutritious substance. 

Oram. The smallest weight made use of by chemical writers. Twenty gniBf 
make a scruple ; 3 scruples a drachm ; 8 drachms, or 480 ^alnsmakeu 
ounce ; 12 ounces, or 5760 grains, a pound troy. The avovrdupoit poand 
contains TOOOmins. 

Grtawiaiion. The operation of pouring a melted metal into water, in order 
to divide it into small particles for chemical purposes. Tin is thus gnno- 
lated by the dyers before it is dissolved in tne proper acid. 

ChravUVt specific. This differs from absolute gravity inasmuch as it is the 
weight of a given measure of any solid or fluid body, compared with the 
same measure of distilled water. It is generally expressed by decimals. 

Gftiin5. Mucilaginous exudations from certain trees. Gom consists of lime, 
carbon, oxygen, hydrogen, and nitrogen, with a little phosphoric acid. 

H. 

Heatf matter of, See Caloric. 

HermeUcaUy. A term applied to the closing of the orifice of a glass tobs, so 
as to renoer it air-tight. Hermes, or Mercury, was formerly supposed to 
have been the inventor of Ghemistrv ; hence a tube which was closed fbr 
chemical purposes, was said to be Hermetically or chemically sealed. It 
is usually done by melting the end of the tube by means of a blowpipe. 

Hydrogen. A simple substance ; one of the constituent parts of water. 

— ^-< — gas. Solid hvdrogen united with a large portion of caloric It is tbe 
lightest of all the known gases. Hence it is used to inflate balloosi. 
It was formerly called inflammable air. 

Hydro-Carbonates. Combinations of carbon vnth hydrogen are descnbed 
by this term. Hydro-carbonate gas is procured from moistened charcoal 
by distillation. 

Hydrogenizedsulphurets, Certain bases combined with sulphuretted broi^ 



gen. 
Hydro'i 



Oxides, Metallic oxides combined with water. 
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SydromiUrs, Tnitrumenta fbr ascertainiiig tbt ipecific gravity ofgpiritoiii 
liqoort or other fluids. 

Hygrometers. Instruments for ascertaining the degree of moisture in at- 
mospheric air. 

Hyperoxygenized, A term applied to sobtances which are combined with 
the largest possible quantity of oj^gen. We hare muriatic acid, oxygen- 
ized muriatic acid, and hyperoxygenized muriatic acid. The latter can 
be exhibited only in combination. 

I. 

Inflammation. A (Aenomenon which takes place on mixing certain substan- 
ces. The mixture of oil of turpentine with strong mtrous acid is an in- 
stance of this peculiar chemical effect. 

Ir^fusion. A simple operation to procure the salts, joices, and other Yirtnet 
ofvegetables by means of water. • 

Iniermediates. A term made use of when speaking of chemical affinity. Oil, 
for example, has no affinity for water, unless it be previously combined 
with an alkali, it then becomes soap, and the alkali is said to be the mter- 
medhtm which occasions the union. 

K. 

Kali. A genus of marine plants which is burnt to procure mineral alkali, 
by afterwards lixiviating the ashes. 
L* 

Laboratory, A room fitted up with apparatus for the performance of chemi- 
cal operations. 

Lactates. Salts formed by the combination of any base with lactic acid. 

Lakes. Certain colors made by combining the coloriDg matter of cochined 
or of certain vegetables, with pure alumina, or with oxide of tin, zinc, Slc. 

LcanPi Argand's. A kind of lamp much used for chemical experiments. It 
is made on the principle of a wind furnace, and thus produces a great de- 
gree of light and heat without smoke. 

Jjots. A glass, convex on both sides, for concentrating the rays of the sun. 
It is employed by chemists in fusing refractory substances, which cannot 
be operated on by an ordinary degree of heat. 

Leoigation. The grinding down of hard substances to an impalpable powder 
on a stone with a muUer, or in a mill adapted to the purpose. 

Litharge. An oxide of lead, which appears in a state of vitrification. It is 
formed in the process of separatinff silver from lead. 

Lixiviation. A fluid impregnated with an alkali or with a salt. 

Lute. A composition for closing the junctures of chemical vessels to pre- 
vent the escape of gas or vapour in distillation. 

M. 

Maceration. The steeping of a solid body in a fluid, in order to soften it, 

without impregnating the fluid. 
Mutates. Salts formed by the combination of any base with malic acid. 
Malleability. That property of metals which gives them the capacity of 

being extended and flattened by hammering. It is probably occasioned 

by latent caloric. 
Massicot. A name given to the yeUow ozide of lead, as minium is applied to 

the red oxide. 
Matrass. Another name for a bolt-head. 
Menstruum. The fluid in which a solid body is dissolved. Thus water is a 

menstruum for salts, gums, &c. and spirit of wine for resins. 
Metallic Oxides. Metals combined with oxygen. By this process they arc 

generally reduced to a pulverulent form ; are changed from combustible 

to incombustible substances ; and receive the property of being soluble 

in acids. 
Mineral. Any natural substance of a metallic, earthy, or saline. nature, 

whether simple or comDound, is deemed a minml. 

28» 
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MneraUtev, Those mbstuioet whidi ar« «orobiiied wkh meteb m 6ieir 
ores ; luch are sulphar, arsenic, oxygen, earboDio add, Sco. 

MineraUry. The seieoee of fotnb and mioenls. 

Jmneral Waten. Waters which hold some metal, earth, or salt, m solu- 
tion. They are freqaentlv termed Medicinal Waters. 

MblybdiateM. Salts formed bj the eombinadoo of any base with the raolyb* 
die acid. 

MordanU, Substances which have a chemical affinity for partiealar col- 
ours; they are employed by drers as a bond to unite the colour with the 
cloth intended to be <fyed. Alum is of this class. 

MudU^e. K glutinous matter obtained from vegetables, transparent and 
tasteless, soluble in water, but not in spirit of wine. It chiefly oooasts of 
carbon and hydrogen, with a little oxygen. 

JHumtea, Salts formed by the combination of any base with the raucous acid, 

J^ufie, A semi-cylindrical Utensil, resembling the tilt oS a boat* made cf 
baked clar ; its use is that of a coTcr to cupels in the assay fumaee, to 
prevent the charcoal from faliiog upon the metal« or whatever is the sub- 
ject of experiment 

Muriates. Salts formed by the combination of any base with muriatic acid. 

Urn 

Mitron, One of the names for mineral alkali, or soda. 

JVcutralize. When two or more substances mutually disguise eachother*a 

properties, they are said to neutralize one another. 
Neutral Salt. A substance formed by the union of an acid with an alkali, 

an earth, or a metallic oxide, in such jii^oportioDS as to saturate both the 

base and the acid. 
J^tratea. Salts formed by the combination of any base with nitric acid. 
J^rogen, A simple substance, by the French chemists called azote. It 
. enters into a variety of compounds, and forms more than three parts in 

four of atmospheric »Jr. 

O. 
Ochrea, Various combinations of the earths with oxide, or carbonate of iron. 
Orea. Metallic earths, which frequently contain several extraneous mat* 

ters { such as sulphur, arsenic, &c. 
Oxalatea. Salts formed by the combination Of any base with oxalic acid. 
OxiJe., Any substance combined with oxygen, in a proportion not suifi- 
■ cient to produce acidity. 

Oocidize. To combine oxygen with a body without producing acidity. 
OxidizemerU, The operation by which any substance is combined witivox- 

ygen in a d^ee not sufficient to produce acidity. 
Oxygen, A simple substance composing the greatest part of water, and 

part of atmospheric air. 
■' — ^aa. Oxygen converted to a gaseous state by calorie. It is also 

called vital air. It forms nearly one fourth of atmospheric air. 
Oxygenize. To acidify a substance by oxygen. Synonymous with oxyge- 
nate ; but tlie former is the better term. 
Oxygemzement. The production of acidity by oxygen. 

P. 
Pellicle. A thin skin which forms on the surface of saline solutions and 

other liquors, when boiled down to a certain strength. 
^hlogiaton. An old chemical name for an imaginary substance, supposed 

to be a combination of fire with some other matter, and a constituent part 

<^all inflammable bodies, and of many other substances. 
Phoaphatea, Salts formed by the combination of any base with phosphoric 

acid. 
Phoapfdtea. Salts formed by the combination of any base with phosphorous 

acid. 
Phoaphureta, Substances formed by an union with phosphorus. Thus we 

have phosphuret of lime, phosphuretted hydrogen, &c. 
^lumbago. Carburet of iron, or the black lead of commerce. 
^meumatie. Any thing relating to the airs and gases. 
■ ' trough. A vessel tilled in part with water or mercury, for the 



purpoie of eoltootias gMe% lo that ihej may [be readily remored from 
one Tessel to another. 

Precipitate. Anj matter wlucht having been diMOlved in a flaid, falls to the 
bottom of the Tessel, on the addition of some other substanee capable of 
prodoeing a deeompositioB of the eompeond, in consequence of iu attrac- 
tion either for the menstmum or for the matter which was before held in 
aolation. 

PrecipUaii(m, That chemtoal process bj which bodies dissolTed, mixed, 
or suspended in a flaid, are separated from diat fluid, and made to gran* 

- tate to the bottom of the Tessel. 

Prusaiatet. Salts formed by the combination of any base with pnisnc acid. 

JPtOrefacttdn, The last fermenUtiTe process of nature, by which organized 
bodies are decomposed so as to separate their principles, for the purpose 
of reuniting them by future attractions, in the production of new compo- 

^tiODS. 

PyHtes. An abundant mineral found on the English coasts, and elsewhere. 
Some are sdlphureU of iron, and others sulphorets of copper, with a por- 
tion of alumine and silez. The former are worked <br the sake of the 
Bulpbur, and the latter for sulphur and copper. They «*e also called 
Mareaaites and Fire-Stone. 

martial That species of pyrites which contains iron for iu basis. 

See a full account of these minerals in Henckel's Pyritoiogia. 

Pyrometer, An instrument inTcnted by Mr. Wed«wood for ascertaining 
the degrees of heat in furnaces and intense fires. See Philosophical tran- 
sactions, Tol. Ixii. and IxiT. and Chemical Gateeh. 

Pyrophori. Compound substances which heat of themselTes, and take fire <m 
the admission of atmospheric air. See an account of a Tariety of experi* 
ments with these compositions in Wiegleb's Chemistry, *to. p. 628, kc. 

Quartz, A name giren to a Tariety of siUceous earths, mixed with a small 
portion of lime or alumine. Mr. Kirwan confines the term to the purer 
kind of s'llex. Rock crystal and the amethyst are species of quartz. 
R. 

Radicdla. A chemical term for Elementa of bodies ; which see. 

■ compound. When the base of an acid is composed of two or more 

substances, ft is said that the acid is formed of a compound radical. The 
sulphuric acid is formed with a««^ radical ; but the vegetable acids, 
which have radicals composed of hydrogen and carbon, are said to be 
acids with compound radicals. ^ ^ ,. .. 

ReagenU. Substonces which are added to mineral waters or other liquids 
as tests to discover their nature and compositioo. 

Receivers, Globular glass vessels adapted to retorts for the purpose of 
preserving and condensing the volatile matter raised in distillation. 

RecHficationy is nothing more than the re-distilling a liquid to render it more 
pure, or more concentrated, by abstracting a part of it only. 

Reduction. The restoration of metallic oxides to their original state of roe- 
tals ; which is usually effected by means of charcoal and fluxes. 

Refining, The process of separating the perfect metals from other metaU 
lie substances, by what is called cupellation. 

ReJHgeratory. A contrivance of any kind, which, by contaming cold water, 
answers the purpose of condensing the vapor or gas that anses in disUlla- 
tion. A worm-tub is a refrigeratory. 

ReguluB, In its chemical acceptation, signifies a pure meUllic substance, 
freed from all extraneoos matters. 

Repulnon, A priniiple whereby the particles of bodies are prevented from 
£)ming in actual contact It is thought to be owing to caloric, which has 
been called the repulsive power. .... . , 

Retina. Vegetable juices concreted by evaporation either spontaneously 
or by fire. Their character is solubility in alcohol, and not in water. It 
seems that tiiey owe their solidiH chiefly to their union with oxygen. 

Retort, A Tessel in the shape of^a pear, wUh iU neck bent downwards, 
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used in dIftilUtioii ; the eztKiniiy of whieh neekfiti mto thit of molkr 
bottle, called » reociver. 
JR9ck'Crif»iaL CryetalKxed silex. 

S. 
Saccholatei. Salts formed by the combination of any base iritb saeeholie* 

tie acid. 
Salifiable hates. All the metals, alkalies and earths, vhieh are captbletf 

combining with acids, and forming salts, are called salifiable bases. 
SaKne, Partaking of the properties of salt 
Saltt^ neutral, A class of substances formed by the combination to sitan* 

tion of an acid with an alkali, an earth, or other salifiable base. 
— triple. Salts formed by the combination of an acid with two bssei or 
radicals. The tartrate of soda and potass (Rochelle salt) is an imtsace 
of this kind of combination. 
Saponaceous. A term applied to any substance which is of the nature or 

appearance of soap. 
Saturation. The act of impregpating a fluid with another substance, till no 
more can be receired o^ imbibed. A fluid which holds as moeh of taj 
substance as it can dissolve, is said to be saturated with that sobstMee. 
A solid may in the same way be saturated with a fluid. 
Sebatet. Salts formed by the combination of any base with sebacieaeid. 
Send-metaL A name formerly given to those metals, which, if exposed to 
the fire, are neither maHeable, ductile, nor fixed. It is a term not oed 
by modem chemists. 
i^liceous eartht, A term used to describe a yariet^ of natural sabstiMei, 

which are composed chiefly of silex ; as quartz, flmt, sand, he. 
Simple fubeiancea. Synonymous with ElemenU ; which see. 
Smelting. The operation of fusing ores for the purpose of sepsrstingtbe 
metals they contain, from the sulphur and arsenic with which thej are 
mineralised, and also from other heterogeneous ntatter. 
Solution. The perfect union of a solid substance with a fluid. Sslts dis- 
solved in water are proper examples of solution. 
Spars, A name formerly given to various crystallized stones ; such as (be 
fluor spar, the adamantine spar, kc These natural substances are oov 
distinguished by names which denote the nature of each. 
Stalactites. Certain concretions of calcareous earth, found suspended like 
icicles in caverns. They are formed by the oozmg of water through the 
crevices, charged with this kind of earth. 
Steatites. A kind of stone composed of silex, iron, and magnesia. Al» 

called French chalk, Spanish chalk, and soap-rock. 
Sub-salts. Salts with less acid than is sufficient to neutralize their radjeab. 
Suberates. Salts formed by the combination of any base with the soberieaeid. 
Sublimation. A process whereby ceitain volatile substances are raised by 
heat, and again condensed by cold into a solid form. Flowers of siilpbar 
are made in this n^ay. The soot of our common fires is a familiar in- 
stance of this process. 
Succinates. Salts formed by the combination of any base with suecinie seid. 
Sulphates, Salts formed by the combination of any base with the sulphuric 

acid. 
Snlphites. Salts formed by the combination of any base with the sulpha- 

rous acid. 
Sulphures and Sulpkurets. Combination of alkalies, or metals with sulpbv. 
Sulphuretted. A substance is said to be sulphuretted when it is combined 

with sulphur. Thus we say sulphuretted hydrogen, Sec. 
Siiper-salts. Salts with an excess of acid, as the supertartrate of potass. 
Synthesis. When a body is examined by dividing it into its component partly 
it is called analysis ; but when we attempt to prove the nature of a sub- 
stance by the union of its principles, the operation is called synthesis* 
T. 
Tartrates Salts formed by the combination of any base with the acid of tartar. 
Temperature. The absolute quantity of free caloric which is attached t» 
any body, occasions the degree of temperature of that body. 
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TeBt, Thst part of a enpel -which is impregnated with litharge in the opera- 
tion of refining lead. It is also the name of whatever is employed in aiein- 
ical experiments to detect the ingredients of any composition. 

TetUpapers, Papers impregnated vith certain chemical re-agents; such as 
litmus, turmeric, radish, kc. They are nsed to dip into fluids to aseertaioy 
hy a change of colours, the presence of acids and alkalies. 

Thermometer, An instrument to show the relatiTe heat of hodies. Fah- 
renheit's thermometer is that chiefly used in England. Other thermome- 
ters are used in difierent parts of Europe. 

Tinctures. Solutions of substances in spiritous menstrua. 

Trituration. A chemical operation^ whereby substances are united hy 
friction. Amalgams are made hy this method. 

Tubulated. Retorts which have a hole at the top for inserting the mate- 
rials to be operated upon without taking them out of the sand heat, are 
ealled tubulated retorts. 

Tun£;'8tate8. Salts formed by the combination of any base with tungstio add. 

Union, chendcaL When a mere mixture of two or more substances ii 
made, they are said to be mechanically united ; but when each or either 
substance forms a component part of the product, the substances have 
formed a chemical union. 

V. 

Vacuum. A space unoccupied by matter. The term is generally applied 
to the exhaustion of atmospheric air by chemical or philosophical means. 

Vapour. This term is used by chemists to denote such exhalations only as 
can be condensed and rendered liquid again at the ordinary atmospherie 
temperature, in opposition to tl^ose which are |)ermanently elastic. 

Vital air. Oxygen gas. The empyrial or fire-air of Scheeie, and the de» 
pUogisticated au* of Priestly. 

vitrification. When certain miztnret of solid substances, snoh as silex tani 
alkali, ar* exposed to an intense heat, so as to be fused, and become glasi^ 
they are then said to be vitrified, or to have undergone vitrification^ 

Vitriols. A class of substances, either earthy or metallic, which are com- 
biaed with the vitriolic acid. Thus there is vitriol of lime, vitriol of 

iron, vitriol of copper, &c. These salts are now called sulphates, becauM 
the acid which forms them is called sulphuric acid. 

Vitriolated Tartar, The old name for sulphate of potass. 

Volatile MhaU. Another name for ammonia. 

Volatile Salts, The commercial nsme for carbonate of ammonia. 

VolaUUty. A property of some bodies which disposes them to assume the 
easeous state. This property seems to be owin^ to their affinity for caloric 

Volumo, A term made use of by modem chemists to express the space oe- 
enpied by gaseous or other bodies. / 

W. 

Water. The most common of all fluids, composed of 85 parts of oxygen, 
and 15 of hydrogen. 

mineral. Waters which are impregnated with mineral and other 
substances are known by this appellation. These minerals are generally 
held in solution by carbonic, sulphuric, or muriatic acid. 

Way, dry. A term used by chemical writers when treating of analysis or 
decomposition. By decomposing in the dry way, is meant, by the agen- 
cy of fire. 

Way, humid. A term used in the same manner as the foregoing, hut ex- 
pressive of decomposition in a fluid state, or by means of water, and 
chemical re-agents, or tests. 

Welding Heat. That degree of heat in which two pieces of iron or of pla- 
tina may be united by hammering. 

Wolfram. An ore of tungsten, containing also manganese and iron. ^ 

Worm-tub, A chemical vessel with a pewter worm fixed in the inside, 
and in the intermediate space filled with water. Its use is to cool liquora 
during diitillatioD. 
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Woufft^M ofiparahcf. A oohtri vance for dittilliog tke mineral acidt and oUmt 
gaseous substancet with little loss ; being a train of receiTers with safety- 
pipeii and connected together bj tubea. 
Z. 

Zaffre, An oxide of cobalt, mixed with a portion of uliceoaa matter. It 
18 imported in this state from Saxony. 

Zero, The point from which the acale of a thermometer is graduated. Thas 
Celsius's and Reaumur's thermometers have their xero at the, Jretzmg 
point, while the thermometer of Fahrenheit has its xero at that point at 
which it stands when immersed in a mixtoie of snow and common salt. 



LIST OF EXPERIMENTS. 

In making up tbe following list of ezpenments I hare been care- 
ful in g'eneral to select such as can be made with safety to the 
young student ; where this is not the case, the caution is mention- 
ed. Most of them require but rery simple apparatus. Where any 
experiment illustrates the text, a reference is made to the page. — 
Some of them are original, others are borrowed. I have not, how- 
ever, deemed it necessary to cite authors. 

1. To show that heat is not absorbed, but reflected by polished 
metallic surfaces, hold a common new tin pan before the fire. — 
Tbe pan will remain cold. See p. 41. 

2. To show tbe power of a black surface to ahsorb caloric^ 
smoke or paint a black spot of the size of a dollar on the bottom of 
a tin pan, and hold it towards the fire. On touching thte spot, it 
will be found hot, while the parts around it remain cola. See 
p. 46. 

3. To make the upper part of a vessel of water boil, while there 
18 a cake of ice at tbe bottom. Into a glass tube put water enough- 
to occupy two inches. Freeze this, so as not to burst the tube, 
with a freezing mixture, or by exposure to cold in winter. Then 
fill the tube nearly full of water, and wind a flannel clolh several 
times around the part containg the ice, so that the heat of the hand 
will not melt it. Then hold the tube in an oblique direction over 
a lamp, so as to heat the water an inch or two above tbe ice. Tbe 
water will soon begin to boil, and by raising the tube a little at a 
time, it will boil almost at the surface of the ice without melting it. 
See p. 5^ 

4. To show that some of the metals conduct caloric better than 
others, procure wires of the same size and length, of gold, silver, 
copper, iron, zinc, tin, kc. The wires may be 12 or 14 inches 
long. Coat one end of each with bees wax, and put tbe other 
ends into a vessel of hot water. The wax will melt first on the 
metal which is the best conductor, and tbe comparative conduct- 
ing powers are calculated by the difference of time between the 
melting of the wax on each. See p. 51. 

6. The conducting' powers of different substances in reirard to 
caloric, may be much more sensibly elucidated, by touching in 
cold weather, a metal with one hand, a piece of cork, wood or 
cloth with the other. Here the sensation of cold to the hand which 
touches the metal, is owing to the power which all metaU have of 
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condacting^ off lieat more rapidly, than anj other class of liibstan- 
ces. See p. 49. 

6. To show that eyaporatioo carries off caloric, moisten the bulb 
of a thermometer tube with ether, by means of a hair pencil I'he 
mercury immediately begins to fall, and if the process be continu- 
ed, may be brought down to the freezing point, even in warm 
weather. Whenever a fluid substance is converted into vapor, it 
absorbs a quantity of caloric. In the present case, the ether takes 
from the bulb of the thermometer, the caloric necesgary to give it 
the elastic form. Therefore, every new application of the ether 
carries off successive portions of heat, and the mercury continues 
to sink, until the bulb becomes so cold, as to absorb caloric from 
the surrounding air, faster than it is carried off by the evaporation. 
This is the reason why the mercury cannot be depressed below a 
certain point by evaporation. The ether, although it assumes the 
elastic form, does not receive the caloric necessary for this purpose 
from the thermometer, but from the surrounding air. See p. 73. 

7. To demonstrate that fluids boil at comparatively small degrees 
of heat, when the pressure of the atmosphere is taken off, about 
half fill with water a small retort, or Floreoce flask (common oil 
flask,) and let it boil over a lamp. When the upper part is filled 
with steam, take it from the lamp, aod instantly cork it air tight. 
If now it is put into cold water, it begins to boil violently. If taken 
out of the water, it stops boiling, and this mav be done many times. 
This curious method of making water boil by the application of 
cold, is easily accounted for. When the flask is put into cold wa- 
ter, the steam with which it was filled, is condensed, and returns 
affain to water. This leaves a vacuum, in which water is convert- 
M into steam, or boils at a much lower temperature than in the 
open air. See p. 58. 

8. If the above experiment is made by means of a small retort, a 
yery curious circumstance may be observed. When the water is 
cold, and consequently nearly a nerfect vacuum is formed, if the re- 
tort is shaken, there is produced a sharp rattling noise, as though it 
contained shot, instead of water, so that one would suppose by the 
noise that the retort would be broken ioto a thousand parts at eve- 
ry motion. This is owing to the weight with which the water falls 
upon the glass, when there is no air to impede its motion. See p. 64. 

9* Into a thin glass vessel pour an ounce or two of water, and 
then pour in two drams of sulphuric acid ; the glass will instantly 
become too hot to be held in the hand. This experiment elucidates 
the doctrine of latent heat On mixing these two fluids, a chemic- 
al cqmbination takes place between their particles, m consequence 
of which caloric it extricated at the same time their bulk is dimin- 
ished. This also illustates Dr. Black's law, that when substances 
pass from a rarer to a denser state, caloric is given out If one 
measare of sulphuric acid, and one of water* be mixed together, 
the mixture will not again fill the measure twice. See p. 77. 

10. To produce nitrogen, take a bell glass or large tumbler and 
invert it over a short taper, set in a shallow dish of water. The ta- 
per burns until it absorbs all the oxygen contained in the air under 
the bell glass. What remains is nitro^n. If now, a lighted taper 
be put under the bell glass, it will be instantly extinguished, show- 
ing the absolute necessity of oxygen for the support of combustion* 
Seep. 100. 

U. Thefi>nDationofwaterby the burning of hydrogen maybe 



•howD tbut : Take a Floraaoe flask and pant into it half a pintoC 
water, then put in about an ounce of granulated zinc, or the same 
quantity of iron filings, and then poor in half an ounce by measure 
of tul phuric acid. Have ready a cork, pierced with a burning iron, 
and the stem of a tobacco pipe passed through the siperture. After 
putting in the acid, put the cork in its place, and fix the flask op- 
right by setting it in a bowl, surrounded by a cloth to make itstsM 
np and prevent its breaking. As the hydrogen is formed, itiseoei 
through the stem of the tobacco pipe, at the end of which it is to be 
fixed. If now a g^ass tube two or three feet long, and an inch or 
two wide be passed on to the stem so as to include the flame within 
its bore, the tube, in a few moments will be covered on the inside, 
with moisture. See p. 109. 

If the orifice of the tube is quite small at the end where the gas it 
fired, the above experiment serves to produce the musical /onei.— 
Seep. 118. 

12. An exhibition of go* light my be made as follows : Into the 
bowl of a common tabacco pipe put a piece of mineral, or what is 
called tea-coalf and cover the coal closelv with clay. When the 
clay is dry, place the bowl in the fire and heat it slowly. Id a fev 
minutes the gas, called carburreited hydrogen will issue from the 
end of the pipe stem ; set fire to it with a candle, and it will bun 
with a beautiful bright flame. This is the g^s with which the streed, 
foctories, Sic, are lighted in many of the European cities. 

In the absence of mineral coal, a walnut, small piece ofpiae 
knot, or butternut meat, &c. may take the place of coal. See p. \^ 

13. The following gives an example of tne manner in which sul- 
phuric acid is formed. 

Mix with asR^qnantity of the flowers of sulphar, abtmt one 
fif^h part of finely pulverized nitre. Make a stand by boUowing 
with a hammer a large button, and attaching wire to the eye, for 
feet, so that the button will be two inches high ; or, by any other 
means, place the sulphur and nitre about this height in a sbaUoir 
dish, containing an mch or two of water. Set fire to the mixtoie 
with a hot iron, and immediately invert over it a bell glass, or kr^ 
tumbler. The sulphur as it bums, absorbs oxyg[en from the air 
contained under the bell glass, in a proportion which would coosti- 
tnte suipbunHtf acid. At the same time, the heat which this pfO« 
oess occasions, compels the nitre to give out another proportioa 
of oxygen, which is absorbed by the sulphurous acid, and tbisaddi* 
tiooal ouantity of oxygen, constitutes sulphuric acid. See p* 19^ 

14. Take three parts of nitre, two of potash, andoneofsulpbaft 
and mix them intimately, by rubbing in a mortar. This componiid 
it calledyti/mina/ing* powder. On placing a little of it on a shovel 
over a hot fire, it explodes with great violence, and with a peculiarly 
•tunning report. 

' The comoustion of j^otphuntud hydrogen in oxygen gas, ti« 
fords one of the most striking and beautiful among chemical exper* 
tments. It is done as follows ; Take some phosphuret of lime, witP 
it in a paper and push it under a vessel, as a wide mouthed vial, filled 
with water, and inverted on the shelf of the water bath. As soon u 
the water penetrates through the pa per so as to wet the phosphuret oi 
lime, bubbles of phosphuretted hydrogen, b^in to rise up tbitNigh 
the water. While this is going on, fill a strong glass vessel as a 
tumbler, or a piece of thick glass tube stopped at one end, with os« 
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fpen g^as. loyert this also oa the sbelf of the water bath. When 
the pbospfauretted hydrogen is collected, take the vessel coDtaioiDg 
it in one hand, and that coQtaining the oxygen in the other ; bring 
the mouth of the former, by sinking it deeper in the water, under 
the edge of the latter ressel, then by caretiiUy depressing the bot- 
tom of the vessel containing the phospburetted hydrogen, let up a 
bubble at a time into tb^ oxygen gas. If this experiment is made 
in a darkened room, the flashes of light appear astonishingly rivid 
and beautiful. Bee p. 136. 

16. Take six or eight grains of oxy-muriate ofpotathf put it into 
ft mortar and drop in with it about a grain of solid pbospnorus, cut 
into -two or three parts ; then rub them together with the pestle.^- 
Very violent detonations are produced by these small <)uantitie8. 
It is best, therefore, not to use more than is here mentioned at a 
time. The hand, holding the pestle, ought always to be protected 
with a glove or handkerchief. 

17. To make liquid phosphorus, take an ounce vial and half fill it 
with olive oil, put into the oil a piece of phosphorus of the size of a 
pea ; graduallyheat the bottom of the vial, until the phosphorui ig 
melted, taking care to keep the thumb on the mouth ; then cork it 
air tight. If this vial is first shaken, and then the cork be taken 
out, it becomes luminous, first near the mouth, and gradually down 
to the oil, at the bottom. The light which a bottle prepared in this 
way gives, particularly if warmed, by holding it in the hand, is suffi- 
cient to tell the hour of night by a watch. This luminous appear- 
ance, when the cork is removed, is owing to the union of tbe oxy- 
gen of the atmosphere with the phosphorus. It is slow combustion, 
attended with light, and most probably with some heat. 

18. If drawings be made on silk with a solution of nitrate of sil- 
Ter, and the silk first moistened, is exposed to a stream of hvdrogen 
pas, or in any other way exposed to the action of this g^, the metal 
IS instantly revived, and the silk is covered with figures of silver.*- 
See p. 155. 

19. If a few drops of a solution of nitrate of silver in water, be 
placed on a bright surface of copper, the silver is revived, and irivei 
the copper a brilliant wliite.coat of that metal. This is explained 
en the principle of affinity. The copper has a stronger attraction 
for the acid wtiich composes a part or tbe nitrate of silver, than the 
silver itself has. Therefore it attracts the acid from the silver, in 
Gonseouence of which this is received, and at the same time preci- 
pitated on the copper. See p. 155. 

20. Take a little of the white arsenic of the shops, and mix it with 
some finely ground charcoal ; put the mixture into a small glass 
tube closed at one eu'l, and expose the part where tbe miitture is to 
a moderate degree of heat gradually raised ; the arsenic will be r»> 
ceived, and will attach itself to the upper part of the tube, giving it 
a brilliant metallic coat like ouick silver. The arsenic may be 
preserved in this state by stopping up the tube. See p. 155. 

21. Dissolve a tea-spoonful of sugar of lead in a quart of rain 
water. Put this into a decanter, or white glass bottle, and suspend 
in it by means of a string a piece of zinc. The zinc decomposes 
tbe acetate of lead by depriving it of its oxygen ; the consequence 
is, that the lead is precipitated in the metallic state, on and around 
the zinc, and forms a brilliant tree of metal. 

22. Pour a solution of nitrate of silver into a glass vessel, and im- 

29 
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merte a few ilips of copper in it. In a short time, a | 
per will be dissolved, and all the silver precipitated in a metaliic 
form. If the solution which now contivins copper be decanted into 
another glass, and pieces of iron added to it, this metal will then be 
dissolved, and the copper precipitated, yielding a striking instance 
of peculiar affinities. See p. 176. 

23. Ivory may be coated with silver 4>y the following process : 
Make a strong solution of nitrate of silver in pure water ; mto thii, 
immerse a piece of ivory until it turns yellow ; then take it out and 
immediately plunge it into a vessel of distilled water exposed to tbe 
direct rays of the sun until it turns black. On rubbing it gentlv it 
will appear covered with a brilliant coat of silver, resembling a bar 
of that metal. This curious effect is owing to the solar light which 
decomposes the nitrate of silver, by taking the oxygen from it, 
which flies off in the form of oxygen gas. 

24. Through a vessel of lime water, recently made, pass bubbles 
of carbonic acid gas by means of a bladder and tube, the lime water 
instantly becomes white and turbid, and finally deposits a quantity 
of carbonate of lime in the form of powdered chalk. If now tbe water 
be evaporated, a white powder remains which effervesces with 
acids. If this powder is put into a retort, and sulphuric acid dilated 
with water, is poured upon it, the beak of the retort being under a 
vessel filled with water, the carbonic acid is again obtained, and the 
•alt remaining in the retort will be sulphate of lime or grypsan. 

25. Mix one part of ni/rtc add with 5 or 6 parts of water m a vial; 
into this put some copper filings, and in a few moments pour off the 
liquid ; it will be colourless. If now there be added some liquid 
ammonia, another colourless fluid, the mixture becomes of an in- 
tense and beautiful blue. Hence ammonia is a most delicate test 
for the presence of copper, with which it strikes a deep bine co- 
lour. See p. 187. 

26. Put into a vial of pure water a few drops of the tincture of nat 
galls, made by steeping the falls in water ; into another vial of pare 
water put a grain or two or the sulphate of iron. If these coloa^ 
less fluids are mixed, tiiey instantly become black. Tincture of ^ 
if a most delicate test for the presence of iron, with which it stnkei 
a black. These two substances form the basis of ink. See p. 187* 

27. Take two small glass jars, or tumblers, and fiH one with eat' 
bonie acid gas^ and tbe other with oxygen gas. Have them setup- 
right with a cover on each. If a lighted taper be plunged into tne 
vessel containing the carbonic acid, it is extinguish^ instantly; bat 
if it is immediately plunged into the other jar containing the oxy- 
gen, it is as instantly lighted with a sort of explosion. See pJE36. 

28. Put eight or ten grains of oxy-muriaU ofpoiaih into a tea-cup, 
and then pour in two or three drachms of alcohol. — If now about two 
drachms of sulphuric acid is added, the mixture begins to dart forth 
little balls of blue fi^e, and in a minute or two, the whole bursti 
into flame. Hie alcohol is inflamed by the chlorine which is set 
free from the salt, in consequence of the combination which takes 
place between the potash and the sulphuric acid. See p.,236. 

29. Into a glass tube half an inch or an inch wide, two or three 
inches long, with a bulb at the end, put a grain or two of iodine. 
Warm tbe tube, (but not at that part where the iodine is,) and in- 
modiatelj cork it tight ; the tube remains colourless, there being 
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only a few little specks here and there. If at any time the tube be 
warmed at that part where the iodine is, it is instantly filled with a 
gas of a most beautiful violet colour. If care is taken to keep the 
tube well closed, so that the iodine does not escape, when it takes 
the form of g^s, Uiis effect will always be produced whenever the 
tube is warmed. A tube with two bulbs, like what is called ^pul$€ 
fZoM, containing the iodine hermetically sealed, would be better. — 
Such a little apparatus would be quite a curiosity to those who 
know nothingof the nature of iodine. See p. 238. 

30. Write on paper with a solution of the nitrat of silver, taking 
care not to have it so strong as to destroy the paper. So long as it 
is kept in the dark, or if the paper be closely folded, the writing re- 
mains invisibles ; but on exposure to the rays of the sun the charac- 
ters turn yellow, and finally black, so that they are perfectly legible. 

Mr. Accum says, that this change of color is owing to the par- 
tial reduction of the oxide of silver, from the light expelling a por- 
tion of its oxygen ; the oxide therefore approaches to the metallic 
state ; for when the blackness is examined with a deep, or powerful 
magnifier, the particles of metal may be distinctly seen. 

31. Write on paper with a dilute solution of common sug^r of 
lead ; the writing will remain invisible. But on moistening the lines 
with a pencil, or feather dipped in water impregnated with sulphu- 
retted bj^drogen, the metal is revived, and the letters appear in me- 
tallic brilliancy. 

The author above cited, says, that in this instance, the hydrogen 
of the sulphuretted hydrogen gas, abstracts the oxygen from the ox- 
ide of lead, and causes it to re-approach to the metallic state ; at the 
same time, the sulphur of the sulphuretted hydrogen g^ combines 
with the metal thus regenerated, and converts it into a sulphuret 
which exhibits the metallic color. 

32. Write on paper with a solution of the sulphate of copper. If 
this is strong, the writing will be of a faint green color ; if weak, 
the characters are invisible. On holding the paper over a vessel 
containing some liquid of ammonia, or if it be exposed to the action 
of this gas in any other way, the writing assumes a beautiful blue 
color. On exposing the paper to the sun, the color disappears, be- 
cause the ammonia evaporates. 

33. Put a small piece of phosphorus into a crucible, cover it close- 
ly with common chalk, so as to fill the crucible. Let another cru- 
cible be inverted upon it, and both subjected to the fire. When the 
whole has become perfectly red-hot, remove them from the fire, and 
when cold, the carbonic acid of the chalk will have been decompos- 
ed, and the Black Charcoal, the basis of the acid, may be easily 
perceived amongst the materials. 

34. Into a large glass jar inverted upon a flat brick tile, and con- 
taining near its top a branch of fresh rosemary, or any other such 
shrub, moistened with water, introduce a flat, thick piece of heated 
iron, on which place some gum benzoin in gross powder. The ben- 
zoic acid, in consequence of the heat, will be separated, and ascend 
in white fumes, which will at length condense, and form a most 
beautiful appearance upon the leaves of the vegetable. This will 
serve as an example of Sublimation. 

35. Mix a little acetate of lead with an equal portion of sulphate 
of zinc, both in fine powder ; stir them together with a piecenof 
glass or wood, and no chemical change will be perceptible ; bat if 
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' thej be nibbed tog;etber in a mortar, tbe two solids will operate on 
eacli other ; an intimate union will take place, and a fluid will be 
produced. If alum or Glauber salt be used instead of sulphate of 
sine, the experiment will be equally successful. 

36. If tbe leaves of a plant, fresh gathered, be placed in the bus, 
T6r J pure oxygen ps may be collected. 

37. Put a little fresh calcined mag^nesia in a tea-cup upon the 
hearth, and suddenly pour over it as much concentrated sulphuric 
acid as will corer the magnesia. In an instant sparl^ wiUbe thrown 
oat, and the mixture will become completely ignited. 

38. If a few pounds of a mixture of iron filings and sulphur be 
made in paste with water, and buried in the ground for a fewbooiB, 
the water will be decomposed with so much rapidity, that combui- 
tion and flame will be the consequence. 

39. For want of a (>roper glass vessel, a table spoonfull of ether 
may be |>ut into a moistened bladder, and the neck of the bladder 
closely tied. If hot water be then poured upon it, the ether will 
expihd, and tbe bladder become inflated. 

40. Procure a phial with a glass stopper accurately ground into 
it; introduce a few copper filings, then entirely fiA it wiui liquid am- 
monia, and stop the phial so as to exclude all atmospheric air. If left 
in this state, no solution of the copper will be effected. But if tbe 
bottle be afterwards left open for some time, and then stopped, the 
metal will dissolve, and the solution will be colorless. Let the stop- 
per be now taken out, and the fluid will become blue, beginmng^at 
&e surface, and vpreadiogr gradually through the whole. If this blue 
lolution has not been too long exposed to itie air, and fresh copper 
filings be put in« again stopping the bottle, the fluid will once more 
be deprived of its color, which it will recover only by the re-ad- 
mission of air. These effects may thus be repeatedly produced. 

41. If a spoonfol of good alcohol and a little boracic acid bestir- 
red tog[ether in a tea-cup, and then set on fire, they will produce a 
beautmil green flame. 

4ft. Alloy a piece of silver with a portion of lead, place the allojr 
upon a piece of charcoal, attach a blow-pipe to a gasometer, cbaig- 
ed with oxygen gas, light the charcoal first with a bit of paper, and 
keep up the heathy pressing upon the machine. When the metals 
get mto complete fusion, the lead will begin to bum, and very soon 
will be all dissipated in a white smoke, leaving the silver in a state 
of purity. This experiment is designed to show tbe fixity of tbe 
Donle metab. 

43. Burn a piece of iron wire in a deflagrating jar of oxygen gai* 
and suffer it to bum till it goes out of itself. If a lighted wax tap^ 
be now let down into the gas, this will burn in it for some time, and 
then become extinguished. If ignited sulphur be now introduced 
this will also bum f^r a limited time. Lastly, introduce a morsel of 
phosphorus, and combustion will also follow in like manner. Theie 
experiments show the relative combustibility of different substances. 

44. Drop a piece of phospboms, about the size of a pea, into a 
tnmbler of hot water, and from a bladder, furnished with a stopcock, 
force a stream of oxygen g^s directly upon it. This will afford the 
most brilliant combustion under water that can be imagined. 

45. Take an amalgam of lead and mercury, and another amal- 
gam of bismuth, let these two solid amalgams be mixed by tliturei 
and they will instantly become fluid. 
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46. Into distilled water drop a little spiritous solution of soap, no 
chemical effect vrill be perceived ; but if some of the same solution 
be added to hard-water, a milkioess will immediately be produced, 
more or less, accordiug to the deg'ree of its impurity. This is a good 
method of ascertaming the purity of spring water. 

47. To silver copper or brass. — Clean the article intended to be 
silvered, by means of dilute nitric acid, or by scouring it with a 
mixture of common salt andalum. When it is perfectly bright, 
moisten a little of the powder, known in commerce by the name of 
silvering powder^ with water, and rub it for some time on the per- 
fectly clean surface of copper, or brass, which will become covered 
with a coat of metallic silver. It may afterwards be polished with 
soft leather. 

The silvering powder is prepared in the following manner : Dis- 
solve some silver in nitric acid, and put pieces of copper into the so- 
lution ; this will throw down the silver in a state of metallic powder. 
Take fifteen or twenty grains of this powder, and mix with it two 
drachms of acidulous tartarite of potash, the same quantity of com- 
mon salt, and half a drachm of alum. Another method : Precipi- 
tate silver from its solution in nitric acid by copper, as before ; to 
half an ounce of this silver, add common salt and muriate of ammo- 
nia, of each two ounces, and one drachm of corrosive sublimate ; 
rub them together, and make them into a paste with water. With 
this, copper utensils intended to be sikered, that have been pre- 
viously boiled with acidulous tartarite of potash and alum, are to be 
rubbed ; after which they are to be made red-hot and polished. 

48. To prove that the air of the atmosphere always contains car- 
bonic acid. This may be shown by simply pouring any quantity of 
barytic water, or lime water, repeatedly from one vessel into an- 
other. The barytic water when deprived of the contact of air, is 
perfectly transparent; but it instantly becomes milky, and a white 

Erecipitate, which is carbonate of barytes, is deposited, when 
rought into contact with it for a few minutes only. 
The quantity of carbonic acid contained in the atmosphere, sel- 
dom varies, except in the immediate vicinity of places where respi- 
ration and combustion are going on in the large way, and is about 
one hundredth part. 
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Alomine. 196 • 
Alumium. 19 
Amalgairif 163 
Amberg^rifl, 320 
Amethyst, 197 
Amianthus, 201 
Ammonia, or volatile alkali, 

181, 188 
Ammoniacal g^, 188 

bow obtained, 191 
Analysis, 138 

of veg^etaUeSy 341 
Animals, 288 
Animal acids, 292 

odors, 294 

beat, 311 

oil, 292 
Animalization, 287, 295 
Antidotes, 191 
Antimony, 20 
Aqua fbrtis, 216 

reg^ia, 160 
Arrak, 262 
Argaod's lamp, 107 
Arsenic, 20, 163,165 
Arteries, 298 
Arterial blood, 306, 308 
Aspbaltum, 270 
AssafcBtida, 249 
Assimilation, 297 
Astringent principle, 253 
Atmiosphere, 61, 95, 108 
Atmospherical air, 95 
AttractioD of ag'greg^tion, or 

besion, 21, 171 
Attraction of composition, 

171 
Asote, or nitrogen, 214 
Asotic gas, 95 

B. 
Balsams, 249 
Balloons, 123 
Bark, 282 
Barytes, 192,197 
Basis of acids, 204 

gases, 30 

salts, 172 
Beer, 258 

Benzoic acid, 204, 253 
BUe,303 
Birds, 297 
Bismuth, 20 
Bitumens, 270 

Black lead, or plumbago, 146 
Bleaching, 210 
Bloir-pipe, 140,163 



Blood, 303, 305 

Blood-yesseU, 309 

Boiling water, 67 

Bombic acid, 292, 204 

Bones, 295 

Boracic acid, 204, 226 
169 Boraciom, 19, 227 

Boratof8oda,227 

Brandy, 261 

Brass, 162 

Bread, 224 

Bricks, 197 

Brittle metals, 20 

Bronze, 162 

Butter, 318 

Butter-milk, 318 
C. 

Calcareous earths, 224 
stones, 223 

Calcium, 20 

Caloric, 29 

absorption of, 46 
conductors of, 48 
combined, 69 
expansive power of, 90, 

31 
equilibrium of, 39 
reflection of, 46- 
radiation of, 40, 43 
solrent power of, 59 
capacity for, 70 

Calorimeter, 83 

Calx, 102 
CO- Camphor, 240 

Camphoric acid, 204, 263 
23, Caoutchouc, 240, 249 

Carbonats, 226 

Carbonat of ammonia, 290 
lead, !50 
lime, 199 
magnesia, 201 
potash, 184 

Carbonated hydrogen gas, 144 

CarbOD, 137 

Carbonic acid, 142 

Carburet of iron, 145 

Carmine, 294 

Cartilage, 297 

Castor, 321 

Cellular membrane, 300 

Caustics, 164 

Chalk, 199,226 

Charcoal, 137 

Cheese, 320 

Chemical attraction, 21 

Chemistry, 13 
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Chest, 304 

China, 197 

Chlorine, 18 

Chrome, 20 

Chyle, 298 

Chyme, 303 

Citric acid, 204, 253 

Circulation of the blood, 205 

Ciret, 321 

Clay, 38 

Coke, 270 

Coal, 270 

Cobalt, 20 

Cochineal, 274 

Cold, 40 

from evaporation, 80 
Colours of metallic oxyds, 151 
Columbium,20 
Combined caloric, 69 
Combustion, 99 

volatile products of, 107 

fixed products of, 107 

of alcohol, 263 

of ammoniacal gfas, 188 

ofboraccium,227 

by oxy-rauriatic acid, or 
chlorine, 231 

of carbon, 140 

of coals, 119, 145 



Cream, 318 

Cream of tartar, or tartrit of pot- 
ash, 263 
Cryophorus, 82 
Crystallization, 159 
Cucurbit, 127 
Culinary heat, 55 
Curd, 319 

Cuticle, or epidermis, 30(f 
Cyanogen, 293 

D 
Decomposition, 16 

of atmospherical air, 98, 

100 
of water, by the Voltaic 

battery, 112 
of salts by the Voltaic bat- 
tery, 179 
of water by metals, 113 
by carbon, 144 
of vegetables, 254 
of potash, 168 
of soda, 169 
of ammonia, 169 
of the boracic acid, 227 
of the fluoric acid, 228 
of the muriatic acid, 229 
Deflagration, 221 
Definite proportions, 177 
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of candles, 118, 147 

of diamonds, 140 

of ether, 266 

of hydrogen, 109, 116 

of iron, 105 

of metals, 152 

of oils, 147 

of oil of turpentine by ni- 
trous acid, 215 

of phosphorus, 133 

of sulphur, 128 

of potassium, 168 
Compound bodies, 17 

or neutral salts, 182 
Conductors of heat, 44 

solids, 50 

fluids, 51 



Detonation, 115, 123 
Dew, 62 
Diamond, 138 
Diaphragm, 304 
Digestion, 302 

Dissolution of metals, 87, 157 
Distillation, 127,208 

of red wine, 261 
Divellent forces, 176 
Division, 16 
Dryiqg oils, 246 
Dyeing, 250 

Earths, 181 
Earthern-ware, 197 
Effervescence, 157 
Efflorescence, 211 
Elastic fluids, 31 



Count Rumfori^ theory. Electricity, 86, 90, 92 

51 Electric machine, 88 

Constitaent parts, 17 Elec to- magnetism, 94 

Copper, 20« 165 Electire attraction, 174 

Copal, 249 Elementary bodies, 17 

Cortical layers, 282 Elixirs, tinctures, or quiiiieioen- 
Cotyledons, or lobe, 278 cos, 263 
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Enamel, 197 

Epidermis of regetables, 282 

of animals, 300 
Epsom salts, 201 
Equilibrium of caloric, 39 
Essences, 147, 247 
Essential or volatile oils, 147 

247 
Ether, 65, 265 
Evaporation, 61 
Evergreens, 286 
Eudiometer, 134 
Expansion of caloric, 30 
Extractive colouring matter, 250 

F 
Falling stones, 161 
Fat, 318 
Feathers, 296 
Fecula, 244 
Fermentation, 356 
Fibrine, 287, 292 
Fire, 16, 26 
Fish, 316 

Fixed air, or carbonic acid, 140, 
233 

alkalies, 121 

oils, 146,245 

products of combustion, 
106 
Flame, 119 
Flint, 185, 195 
Flower of blossom, 284 
Fluoric acid, 228 
Fluorium, or Fluorine, 28, 229 
Formic acid, 292 
Fossil wood, 271 
Frankincense, 249 
Free or radiant caloric, or heat 

of temperature, 29 
Freezing mixtures, 77 

b> evaporation, 65^80 
Frost, 62 
Fruit, 285 
Fuller's earth, 196 
Furnace, 145, 150 
G 
Galls, 253 
Gallat, ofiron,213 
Gallic acid, 213,253 
Galvanism, 85 
Gas, 95 
Gas-lights, 120 
Gaseous oxyd of carbon, nitro« 

gen, 142, 217 
Gastric juice, 303 



Gelatine, or jelly, 287, 288 

Germination, 277 

Gin, 262 

Glands, 295, 299 

Glass, 185 

Glauber's salts, or Bulphat of soda, 

184 
Glazing, 197 
Glucium, 19 
Glue, 189 
Gluten, 244 
Gold, 20, 160 
Gum, 242 

arable, 242 

elastic, or caoutchouc, 249 

resins, 249 
Gunpowder, 221 
Gypsum, or Plaster of Paris, br 
sulpbat of lime, 212 
H 
Hair, 299 

Harrogate water, 3 32 
Hartshorn, 188, 190 
Heart, 305 

wood, 283 
Heat, 26 

of capacity, 71, 74 

of temperature, 29 
Honey, 244 
Horns, 289 

Hydro-carbonat, 124, 145 
Hydrogen, 109 

gas, no 

I&J 
Jasper, 195 
Ice, 83 
Jelly, 289 
Jet, 270 
Ignes fatul, 135 
Ignition, 68 

Imponderable agents, 18 
Inflammable air, 109 
Ink, 213 
Insects, 254 
Integrant parts, 17 
Iodine, 109, 237 
Iridium, 20 
Iron, 20, 160, 161 
Isinglass, 289 
Ivory black, 294 

K 
Kali, 187 
Koumiss, 320 

L 
Lac, 321 
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Lactic acid, 292, %0 
Laket, colours, 250 
Lamp without flame, 107, 322 
Latent heat, 73 
Lavender water, 263 
Lead, 20, 151, 156 
Leather, 251,291 
Leaves, 280 
Life, 239 
Ligaments, 296 
Light, 18 
Lightning, 215 
Lime, 198 

water, 199 
Limestone, 198 
Linseed oil, 246 
Liqueurs, 263 
Liver, 299 
Lobes, 278, 309 
Lunar caustic, or nitrat of silver, 

164,222 
Lungs, 307, 309 
Lymph, 298 
Lymphatic vessels, 293 

M 
Magnetic needle, 94 
Magnesia,^201 
Magnium, 19 
Malic acid, 204, 253 
Malt, 258 

Malleable metals, 20 
Manganese, 20, 150 
Manna, 241 
Manure, 274 
Marble, 226 
Marine acid, or muriatic acid, 

229 
Mastic, 249, 263 
Materials of animals, 287 

of vegetables, 239 
Mercury, 20, 162 

new mode of freezing, 83, 
163 
Metallic acids, 160 

oxyds, 150 
Metals, 149 
Meteoric stones, 161 
Mica, 201 
Milk, 288, 299 
Minerals, 150 
Mineral waters, 143 

acids, 203 
Miner's lamp, 125 
Mixture, 60 
Molybdena, 20, 160 



Mordant, 250 
Mortar, 201 
Mucilage, 241 
Mucous acid, 204, 241 

membrane, 300 
Muriatic acid, or marine acid, 

229 
Muriats, 234 
Moriat of ammonia, 188, 237 

lime, 78 

soda, or common salt, 187| 
234 

potash, 235 
Muriatum, 19 
Muscles of animals, 295 
Musk, 321 
Myrrh, 249 

N 
Naptha, 270 

Negative electricity, 25, 84, 88 
Nerves, 299 

Neutral, or compound salts, 202 
Nickel, 20, 164 

Nitre, or nitrat of potash, or salt- 
petre, 215, 224 
Nitric acid, 214 
Nitrogen, or azote, 96 

gas, 96 
Nitro-muriatic acid, or aqua re- 

gia, 160 
Nitrous acid gas, 217 

air, or nitric oxyd gas, 218 
Nitrats, 221 
Nitrat of copper, 166 

ammonia, 219, 221 

potash, or nitre, or salt- 
petre, 215 

silver, or lunar caustic, 
222 
Nomenclature of acids, 202 

compound salts, 172 
Nomenclature of other binary 

compounds, 135 
Nut galls, 213 
Nut-oil, 245 
Nutrition, 295 

O 
Ochres, 151 
Oils, 146, 247 
Oil of amber, 271 

, vitriol, or sulphuric acid, 
206 
Olive-oil, 245 
Ores, 150 
Organized bodies, 239 
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Oriftns of animals, 299 

Tegetables, 239 
Otmium, 20, 163 
Oxalic acid, 204, 253 
Oxydi, 102. 157 
Oxyd of maogaDese, 105 

iron, 102 

lead, 151 

sulphur, 201 
Oxydation, or oxygenation, 157 
Oxygren, 18, 129 

gas, or vital air, 95 
Oxy-muriatic acid, 230 
Oxy-muriats, 235 
Ozy-mnriat of potash, 235 

Palladium, 20, 163 
Papin's digester, 290 
Parenchyma, 277, 283 
Particles, 21 
Pearl-ash, 183 
Peat, 271 

Peculiar juice of plants, 283 
Perfect metals, 20, 153 
Perfumes, 247 
ParspiratioB, 310 
Petrifaction, 269 
Pewter, 162 
Pharmacy, 14 
Phosphatoflime, 213 
Phosphorated hydrogen gas, 135 
Phosphorescence, 28 
Phosphoric acid, 213 
Phosphorus, 132 

acid, 213 
Pbosphuret of lime, 135 

sulphur, 136 
Pitch, 248 
Plaster, 201 
Platina, 20. 163 

Platina ignited by a lamp with- 
out a flame, 322 
Plating, 162 

Plumbago, or black lead, 161 
Plumula, 278 
Porcelain, 197 

Positiye electricity, 25, 84, 88 
Potassium, 168 
Pottery, 197 
Potash, 182 
Precipitate, 24 
Pressure of the atmosphere, 67, 

Printer's Ink, 232 



Prussiat of Iron, or Prussian blue, 
294 

potash, 293 

Pmssic acid, 293 

Putrid fermentation, 268, 321 

Pyrites, 212, 161 

Pyrometer, 32 

Q 

Quicklime, 198 

Quiescent forces, 176 
R 

Radiation of caloric, 89 

Provost's theory, 40 
Pictet's explanations, 4 
Leslie's illustrations, 44 

Radicals, 202, 206 

Radicle, or root, 278 

Rain, 62 

Rancidity, 246 

Rectification, 262 

Reflection of caloric, 40, 44 

Reptiles, 317 

Resins, 248 

Respiration, 300, 303 

Reviving of metals, 156 

Rhodium, 20, 163 

Roasting metals, 150 

Rock crystalj 195 

Ruby, 193 

Rum, 261 

Rust, 150, 155 

S 

Saccharine fermentation, 257 

Sal ammoniac, or muriat of ftnn 
monia, 188 

polychrest, or sulpbat w 

potash, 210 
volatile, or carbonat of am- 
monia, 190 

Salifiable basis, 1 72 

Salifying principles, 172 

Saltpetre, or nitre, or nitrat of 
potash, 220 

Salt, 210 

Sand, 195 

Sandstone, 195 

Sap of plants, 257« 241, 283 

Sapphire, 193 

Saturation, 60 

Seas, temperature of, 54 

Sebacic, acid, 246 

Secretions, 292 

Seeds of plants, 258, 2B5 

Seltzer water, 143, 200 

Senses, 300 
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Silez, orsilicia, 195, 191 

Sililicium, 19 

Silk, 321 

Silver, 153 

Simple bodies, 18 

Size, 289 

Skin, 288 

Slackiog of lime, 300 

Slate, 196 

SmeltiDg metals, 150 

Smoke, 107 

Soap, 183 

Soda, 187, 169 

water, 143 
Sodium, 19, 169 
Soils, 273 
Soldering, 162 
Solubility, 211 
Solution, 58 

by the air, 61 

of potash, 185 
Specific heat, 70 
Spermaceti, 320 
Spirits, 261 
Spirit lamp, 364 
Starch-Sugar, 242 
Steam, 68, 76 
Steel, 146 
Stomach, 302 
Stones, 193 
Stucco, 201 
Strontites, 201 
Strontium, 19 
Suberic acid, 204, 253 
Sublimation, 127 
Succin, or yellow amber, 271 
Succinic acid, 204, 253 
Sugar, 240, 259 

of milk, 319 
Sulphats, 211 
Super-oxygenated snlpharic 

acid, 202 
Sulphat of alumine, or alum, 
196, 212 

barytes, 198 



Sulphur, flowers of, 127 
Sulphurated hydrogen gas, 131 
Sulphurets, 160 
Sulphureou&acid, 130, 208 
Sulphuric acid, 207 
Sympathetic ink, 165 
Synthesit, 138 

T 
Tan, 251 
Tannin, 251 
Tar, 248 

Tartarous acid, 253 
Tartrit of potash, 254 
Teeth, 296 
Tellurium, 20 
Temperature^ 29 
Thaw, 85 
Thermometers, 34, 35 

Fahrenheits, 34 

Reaummers, 34 

Centrigrade, 34 

air, 35 

differentiaT, 36 
Thunder, 123 
Tin, 20 

Titanium, 20, 163 
Turf, 270 
Turpentine, Vt^ 
Transpiration of plants, 279 
Tungsten, 20, 160 

Vapour, 68, 76, 266 
Vaporization; 61 
Varnishes, 249 
Vegetables, 238 
Vegetable acid, 240, 148 

colors, 250 

beat, 285 

oils, 244 
Veins, 301, 306 
Venous blood, 306, 308 
Ventricles, 307 
Verdieris, 165 
Vessels, 298 
Vinegar, 267 
Vinous fermentation, 266 



iron, 212 

lime, or gypsum, or plas- Vital air, or oxygen gas, 96 

ter of Paris, 2 1 2 Vitrei, or sulphat of iron, 206 

magnesia, or Epsom salt. Volatile oils, 240,244,247 

201, 212 products of combustioD, 

potash, or salt polycbrest, 106 

210 alkali, 181, 188 

soda, or Glaaber*^ Baltic Voltaic battery,, 86, 149, 153 m, 

21 179 

Sitfphiil', 126 U 

Uraoiiim» 20 
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W 

Water, 109, 113 

decompoiition of, bj elec- 
tricity, 113 

condensatioQ of^ 54 

of the lea, 54 

boiling^, 58 

solution by, 58 

of crygtallizatioD, 159 
Wax, SW, 245 
Wbej, 318 
Wine, 258 



Wood, 283 

Woody fibre, 240, 252 

Wool, 296 

Y 
Yeast, 267 
Yttria, 192 
Yttrium, 19 

Z 
Zinc, 19 
Zicornia, 192 
Zincornium, 19 
Zoonic acid, 204, 2f2. 
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